


Digitized by the Internet Archive

in 2010 with funding from

University of Toronto

http://www.archive.org/details/canadianengineer30toro











V

SUBSCRIPTION RATE—$3 a year; $1.75 six months; $1 three months; postpaid anywhere.

The Canadian Engineer
Published Weekly Established 1893

Issued in the interests of Canadian Civil Engineers and Contractors

This field includes chiefly the men who are engaged in municipal, railroad,

hydraulic, structural, highway and consulting engineering ; surveying ; mine-

management ; contracting; and waterworks superintendence.

iiiiiiiiiiyiiiniiiiiyiiiiiiiiiiiiiiiiiiiiiiiniiiniiiiiiiiyiiiiiiiiiiiiiiiiiiiiiiiiiiiiH

Index to Volume 30
January-June, 1916

iiiiiiiiiiiiiiiiiiiiiiyiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiyiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii^



HOOK UHVII-WS.
PAGE

Ail Craft in War and Peace (,H) 578
Altitudes in Canada ( M ) 192
American Civil Engineers' Pocket Book {}i) 577
American Sewerage Practice, Vol. 3 ( i ) 291
Caisson as a New Element in Concrete Dam Construc-

tion, The {%) 491
Civil Engineers' Cost Book {%) 404
Concrete on the Farm and in the Shop {%) 577
Concrete Silos (M) 192
Dams and Weirs {%) 492
Dictionary of Altitudes in the Dominion of Canada ( %

)

490
Electricity and Resistance of the Materials of Engin-

eering (i) 193
Elements of Highway Engineering {U) 404
Elements of Mechanics of Materials (H) 192
Elements of Railroad Track and Construction {%) 403
Empire Directory and Year Book (K) 40s
Engineering as a Career Hi) 403
Engineering Office Systems and Methods (i) 687
Example in Magnetistn {%) 193
First Course in Engineering Science {%) 193
Forest Protection in Canada, 1913-14 ( K ) 403
General Specifications for Concrete Bridges ( i M ) 57&
Geodetic Surveying ( J^ ) 403
Hydraulic Flow Reviewed ( t ) 577
Hydraulics ( i ) 685
Industrial Leadership ( H ) 404
Irrigation Practice and Engineering {%) 685
Land and Marine Diesel Engines (K) 193
Machine Design (%) 405
Maintenance of Way and Structures iU) 687
Masonry Dam Design (i ) 686
Mechanical Engineers' Handbook {',<) 687
Mechanical World, Electrical Pocket Book for igi6 (^) 405
Mechanical World, Pocket Diar\' and Year Book (%).. 192
Metal Statistics {}i) 405
Metallography and Heat Treatment of Iron and Steel

i'A) 491
Oil Fuel Equipment for Locomotives and Principles of

Application {%) 491
Overhead Transmission Lines and Distributing Circuits

;

Their Design and Construction (2) 402
Oxy-Acetylene Welding and Cutting, Electric and Ther-

mit Welding (%) 4go
Parks and Park Engineering ( K ) 578
Pole and Tower Lines for Electric Power Transmis-

sion (i'4) 4go
Practical Design of Steel-Framed Sheds ( ^ ) 578
Practical Surveying ( i ) 403
Proceedings of American Electric Railway Engineering

Association {}i) 492
Proceedings of the Pan-American Road Congress {%).. 578
Railway Maintenance Engineering CA) 404
Railway Regulation f ^ ) 404
Revington Notes on Building Construction ( J^) 193
System of Phvsical Chemistry ( J^ ) 686
Tacheometer Surveying i%) 404
Water Power Engineering (t'A) 193
Water Supply for Country House {}i) r93
Waterworks and Sewerage Svstems of Canada (14) 6S5
Web of Steel, The {}<) 578
Wiring Houses for the Electric Light {%) 490

BRIDGES.

Direct-Lift Bridge at Ottawa (^) 155
Aerial Cableway at Niagara Falls. Ont. (n'^) 161
Main Street Subway, Moncton, N.B. (5) 221
Cost of Drilling Anchor Bolt Holes for Quebec

Bridge ( K ) 236
Transferable Lift Span for Bridge Hi) 247
Engineer and Standards of Bcautv. The It>.1<) 255
Painting_ and Maintenance of Highway Bridges {5%).. 264
Some Minor Problems in a Highway Bridge Design (3). 306
Cost-Keeping and F.tTirirncv in Engineering (6) 329
Making Bottom for Piles Before Driving (i) 365
Proper Use of Gravity Chutes (2) 370
Strachan Avenue Bridge, Toronto (7) 385
Impact Formulas for Highway Bridge Design (6'/<).... ^07
Impact Formulas for Highway Bridge Design, Pt. 2 (6) 429

PACE
Graphical Treatment of Elastic Ribs (7) 457
GrapJiicil Treatment of Elastic Ribs, Pt. 2 ($%) 477
American Railroad Bridges (6) 48:
Highway Bridge Development in Ontario (s'A) 503
Design of Masonry and Concrete Arches (6) 542
General Specifications for Concrete Bridges {1%) 578
New Quebec Bridge (7) 5,S3

Engineering and Good Government (1%) 611
Equitable Specifications and Contracts (3) 638
Temperature Stresses in a Series of Concrete Girder

Spans Under Different Conditions of End Sup-
ports (3) 679

EDITORIALS.

King Honors Canadian Engineers, The [yi) 117
Ontario's Hydro-Radials {1) • 117
Railroad Situation, The ( i ) 117
Transportation Commission for Toronto (i) 141
Canadian Research Bureau (i) 141

Present Status of Hydro-Electric Power Plant Practice (i) 167
Canadian Society of Civil Engineers (%) 167
Western Canada Power Company ( ^ ) 167
Ontario's Progress in Highway Organization (%) 191

Zinc, Copper and Nickel Refinery in Canada (1) 191

Development of British Columbia, The (i) 217
Canadian Water Powers for Canadian Needs (1) 217
Niagara River Pollution (Jf)—See correction, p. 244... 217
Canada's Capitol Fire (^i) 241
Coal Situation in Saskatchewan (i) 241
Winnipeg-Shoal Lake .Aqueduct {2) 241
Military Training and Engineering (i) 269
Serious Pollution of Streams in Canada ( K ) 269
Desigi^ of Lattice Bars {}i) 289
Ice Conditions in Hudson Bay and Strait ( i ) 289
New Estimate for Construction of the Toronto-Hamilton

Highway (iK) 3'5
Hydro-Radials in Peril Hi) 315
Selection of Engineer Officers {%) 337
Civic Improvement League {%) 337
Harnessing the Tides (

i ) 359
Spring Clean-up for the Railroads (i) 359
.\ltitudes in Canada {%) 360
Hydro-Electric Development in Ontario (i) 383
Interesting Report, .An H/i) 383
Canadian Timber in Demand {1%) 401
Stresses Determined by Means of Polarized Light (%) . . 401
Making Goodwill a Real .Asset (i) 427
Development of the Telephone (iK) 427
Preparing for the Future ( J4 ) 449
Engineering Council, An ( '4 ) 449
Escher-W'yss Firm Investigated iU) 449
Interchange of Ideas Among Engineers (i) 471
Some State Secrets ('/i) 471
Water Disinfection ( i ) 47'

Calgary Engineers Settle Dispute (2) 493
Accelerated Pavement Tests iU) 5 1

5

Sewage Disposal Plants Needed iU) 5'5

United States Protests Ontario's New Power Scheme 1 1 K

)

537
Correction re Trinidad Asphalt {}i) 537
Load of Vehicles .Act f i ) 537
Montreal Engineers Petition City to Investigate Aque-

duct Enlargement {1%) 559

Water Transportation in Canada (%) 559
Activated Sludge {iH) S^i

Interesting Announcement, An Hi) 581

Winnipeg River Power and Storage Investigations {%)

.

601

Collecting Highway Data H4) 601

Another Water Powers Investigation ? ( M ) ^'
Fluxing of Asphalt {%) 623

Prevention of Typhoid {'A) 623

Montreal .•\queduct Scheme .\pproved {^) 623

Soo Canal Loses Traffic (5^) 623

Non Sibi, Sed Patriae iH) 645
Underground Power Transmission {}i) 645
Answering One's Mail iH) 665

No Further Water Power Investigation at Present iH) 665
Tonnage and Shipbuilding {iH) ^5
Industrial Research (

'

' 1 680

Engineer's Library. The iH) 689

Economic Value of the Good Roads Movement iH)--- 689



FACTORIES AND BUILDINGS.
PAGE

Imperial Oil Building ( Js ) 1 16

Soil-Testing and Excavation for Foundations (4) I7g

Factors Affecting the Life of Concrete Structures (8H) • 181

Federal Government Expenditures in 1916-17 (}i) 263

Stresses in Lattice Bars of Channel Columns (y'/i).... 273
Rights of Contractor Upheld {fi) 280
Concrete Pipe Tunnel, N.T.R., Quebec (2% ) 288

Design of Lattice Bars iU) 289
Cost-Keeping and Efficiency in Engineering (6) 329
Unique Chimney Construction (8%) 339
Making Bottom for Piles Before Driving (

i ) 365
Proper Use of Gravity Chutes (2) 370
Moment Diagram and its Relation to the Reinforcement

in a Concrete Beam ( 5 K ) 378
Stresses in Lattice Bars of Channel Columns (1%).... 381

Stresses in Lattice Bars of Channel Columns (2M) 398
Stresses in Lattice Bars of Channel Columns (2^) 399
Stresses in Lattice Bars of Channel Columns {3'A) 423
Stresses in Lattice Bars of Channel Columns {1%) ... 445
Graphical Treatment of Elastic Ribs (7) 457
Graphical Treatment of Elastic Ribs, Pt. 2 (sK) 477
Stresses in Lattice Bars of Channel Columns (8%) .... 510
Tests of Flat Slab Construction ( K ) 628
Equitable Specifications and Contracts (3) 638
Novel Theory Applied to Difficult Foundation (7^).... 647
Distribution of Pressure by Granular Materials (2).... 659
Treated Wood Block Flooring (3) 683

HARBORS AND WATERWAYS.

New Ocean Terminals at Halifax, N.S. (7) loi

G.T.P. Dry Dock at Prince Rupert, B.C. (6) 125

Grouting Under Canal Lock Wall Foundation (4) I53

Syphon Lock on Barge Canal (J4) 21S

Victoria Inner Harbor Improvements (iM) 250
British Columbia Harbors ( i ) 263
Federal Government Expenditures in 1916-17 (%) 263

Ice Conditions in Hudson Bay and Strait ( i ) 289
Economic and Strategic Aspects of Enlargement of

Welland Canal and of Construction of Georgian Bay
Ship Canal (7) 308

Discussion on Economic and Strategic Aspects of En-
largement of Welland Canal and of Constr-uction of

Georgian Bay Ship Canal {i}4] 328
Cost-Keeping and Efficiency in Engineering (6) 329
Organization of the Hydrometric Survey {%) 486
Rolling and Floating StPel Caissons of the Levis Dry

Dock at Lauzon, P.Q. ig'A) 495
Field and Office Methods Employed by the Hydrometric

Survey of Canada (8) 506
Rolling and Floating Steel Caissons of the Levis Dry

Dock at Lauzon. P.Q., Pt. 2 (8^) S17
Experiments in Checking the Slides at Panama (2).... 531

TJnited States Protests Ontario's New Power Scheme {1%) 537
Water Transportation in Canada (H) 559
Building a Deep-Water Concrete Pier on Shore at Vic-

toria, B.C. (r) 571
Pollution of Boundary Witsrs (7H) 597
Engineering and Good Government (iH) 611
Soo Canal Loses Traffic CA) 62^
Equitable Specifications and Contracts (3) 63S
Surges in an Open Canal (2) 664

HYDRAULIC WORKS AND WATER POWER.

Ontario's Hydro-Radials f i ) 117
Harnessing the Water Powers (i ) Jan. 13 50
Present Status of Hydro-F.lectric Power Plant Practice (i) 167
Western Canada Power Company ( 3^ ) 167
Power Enterprises at Edmonton {%) 178
Masonry Dams (6) 186

Water Power Engineering f i K ) 193
Important Canadian Water Power Ouesfions (6) 211

Canadian Water Powers for Canadian Needs (i) 217
Hydro-Electric Power in Eastern Ontario f K ) 228
Cedars Rapids Power Development (61 229
Distribution Systems. Methods and .Appliances in Irriga-

tion (4 '/^ ) 234

PAGE
Water Powers in the Porcupine Area of Northern On-

tario (4) 251

Recent Dam Construction, British Columbia (i) 271

Water Users' Community Plan of Co-operation in British

Columbia (4) 305
Hydro-Radials in Peril (J4) 3:5
Constant Angle Arch Dam (13) 317
Oldest Irrigation Conduit and Dam in the United

States ( 2 % ) 327
Cost-Keeping and Efficiency in Engineering ((j) 329
Measuring the Discharge Through a Venturi Meter Tube

with a Direct Reading Meter {%) 334
Harnessing the Tides (

i ) 359
Examples of Constant .'\ngle .\rch Dams (7J4).. 366
Hydro-Electric Development in Ontario (i) 383
Earth Dams (3^) 395
Constant .Angle .A.rch Dam {%) 400
Organization of the Hydrometric Survey (H) 486
Proper Methods of Laying Wood Pipe (3) 488
Dictionary of ."Mtitudes in the Dominion of Canada ( M

)

49°
Pole and Tower Lines for Electric Power Transmis-

sion uM) ' 490
Caisson as a New Element in Concrete Dam Construc-

tion, The (M) 491

Dams and Weirs ( K ) 492
Artesian Wells and Methods of Pumping Them isH) . • 5°°

Field and Office Methods Employed by the Hydrometric
Survey of Canada (8) S06

Stresses in Concrete Dams (i) 5i5

United States Protests Ontario's New Power Scheme ( i Ji

)

537
Saskatchewan Water Commission {2%) 545
Montreal Aqueduct Petition (2) 555

Forest Fires and Hydraulics {1%) 557
Montreal Engineers Petition City to Investigate .Aque-

duct Enlargement {1%) 559
Water Transportation in Canada ( ^ ) 5 59

Rules for Conducting Performance Tests of Power Plant

Apparatus (6) 566

Discharge from Vertical Pipes (2) 572

Hydraulic Flow Reviewed ( i ) 577

Winnipeg River Power and Storage Investigations {$%) 594

Winnipeg River Power and Storage Investigations (%}

.

601

.Another Water Powers Investigation ? {U) 601

Preservation of Wooden Poles (M) 612

Specifications for Piles and Poles (14) 614

Irrigation Surveys and Inspections (6) 615

Water Powers on the Winnipeg River (7M ) 625

Equitable Specifications and Contracts (3) 638

Kamloops Hydro-Electric Plant (7) 639

.Another Water Powers Investigation ? (H) 645

Underground Power Transmission {%) 645

Winnipeg River Power and Storage Investigations {8%) 651

Surges in an Open Canal (2) 664

No Further Water Power Investigation at Present ( K ) 665

.Another Water Powers Investigation ? {%) 666

Montreal .Aqueduct Scheme (2) 667

Winnipeg River Power and Storage Investigations (7). 669

Hydraulics (i) _ 685

Irrigation Practice and Engineering (K) 685

Masonry Dam Design (i) 686

INDUSTRIES.

Canadian Research Bureau (i) 14'

Great Britain's Creosote Oil Trade (51) 156

Wood Suitable for Cross-Ties (2) 169

Zinc, Copper and Nickel Refinery in Canada (i) 191

Shell Making from Coast to Coast {H) Ja-n. 27 52

Submarine Oil Pipe-Lines {}i) 240

Coal Situation in Saskatchewan (i) 241

How Long Will Our Timber Last ? ( i J^ ) 286

Value of Ontario's Nickel ( i % ) 287

Mechanical Technology {:%) 291

Industrial Achievement, .An {H) ._
Feb. 24 52

World's Increase in Aluminum Production (K)--F€b. 24 52

Nova Scotia Steel and Coal Companv CA) 308

World's Supply of Potash iH) SU
Fireless Dynamite Thawer (H) Mar. 2 52

January Cobalt Ore Shipments {%) Mar. 2 54

Improvements in Coal-Handling Plant ( i ) 346
Treated Wood Block for Factory Flooring and Miscel-

laneous Uses i'A) 373
Preparedness for Industrial Development (U) 383



PAGE
Miuoial I'l odiutiDii, C;maila 1 1 ) 397
Canadian iimbii in Demand (1J4) 401

Foi'osI I'loici lion in Canada, 1913-14 (,'->) 403
Creosoto Industry (J^) 416
New Labi>ialoiics al Ottawa (2'/,) 419
Stcd Company of Canada (yi) 441
Fm-1 Oils from Coal {•.) 4_43

Preiiaringr for the Future ( Ji ) 449
Motallographv and Heat Treatment of Iron and Steel

(M) 491
Canadian Casualty and Boiler Insurance Co. (}i) Apr. 27 50
Zinc iU) 505
Substitute for Platinum {%) 554
Shipbuilding in Canada iU) 554
Quarterly Report of .Ontario Bureau of Mines {1%).... 611
Shipbuilding in British Columbia {%) 628
Waste (5) 657
Tonnage and Shipbuilding [i%) 665
Increasing Mineral Output Hi) 678
System of Physical Chemistry {%) 686
Industrial Research ( K ) 689

PAGB
Recent Development in Bituminous Macadam and

Bituminous Concrete Pavements (7) 527
Nick and Break Test in the Inspection of Steel

Rails {2'4) 547
Slag Portland Cement (2) 550
Tests of Kfiect of Method of Bending upon the Support-

ing Strength of Drain Tile and Sewer Pipe (4U).. 552
Substitute for Platinum ( }|) 554
Use and Care of Explosives (5) 573
Standard Specification for Cement i'/i) 59S
Aggregate Studies at Winnipeg Aqueduct (3J4) 606
Spherical Bearings versus Flat Plates in Crushing Tests

on Bricks (4ji) 612
Specifications for Piles and Poles (J4) 614
Fluxing of Asphalt ( H ) 623
Hydrated Lime in Concrete Pavements {6%) 632
Equitable Specifications and Contracts (3) 638
Road M.iintenanre. Materials and Methods (7) (>(>o

Two-Inch Wood Block Pavement { i ) 666
Treated Wood Block Flooring (3) 683

LETTERS TO THE EDITOR.
RAILWAYS.

Rapid Transit for Toronto {I'A) 141
Interesting Point in Retaining Wall Design, An {1%).. 270
Oil Tar Creosotes ( 2 .5^ ) 289
Interesting Point in Retaining Wall Design, An (%)... 337
Stresses in Lattice Bars of Channel Columns (iM) 381
Stresses in Lattice Bars of Channel Columns (2%) 398
Stresses in Lattice Bars of Channel Columns (2j^) 399
Placing Concrete in Frosty Weather (ij4) 423
Stresses in Lattice Bars of Channel Columns (3J4) .... 423
Stresses in Lattice Bars of Channel Columns ( i M ) • • • 445
Oil Tar Creosotes (K) 445
Escher-Wyss and Company (l^i) 480
Stresses in Lattice Bars of Channel Columns (8K) 510
Stresses in Concrete Dams (1) 515
Revision of the Patent .Act (3) 534
Need of Sewage Disposal Plants {yi) 556
Revision of the Patent .\ct ( M ) 56=;

Fetish of Overhead Power Transmission (1%) 643
Another Water Powers Investigation ? {U) 645
Another Water Powers Investigation ? (%) 666

MATERIALS.

Progress in Asphalt Refining, with Notes on Mexican
-Asphaltic Crudes (3) 12;

Examination of Bituminous Road Materials (2) 138
Pitch Fillers for Block Pavements (2) 157
Wood Suitable for Cross-Ties (2) 169
Factors Affecting the Life of Concrete Structures (8j4). 181
Essential Physical Properties of Sand, Gravel, Slag and

Broken Stone for use in Bituminous Pavements (7). 224
Limitations of Results of Tests of Bituminous Ma-

terials (7) 277
How Long Will Our Timber Last ? ( i K ) 286
Value of Ontario's Nickel (1%) 287
Oil Tar Creosotes {2%) 289
Care and Operation of Quarrying and Crushing Equip-

ment (3) 312
Wood as a Paving Material (4) 325
Hot-Mix Method of Bituminous Construction, Losing

an Asphaltic Binder (7K ) 347
Proper Use of Gravity Chutes (2) 370
Treated Wood Block for Factory Flooring and Miscel-

laneous Uses ( '^ ) 37^
Creosoted Wood Block Pavements (4H ) 393
Canadian Timber in Demand (\\i) 401
Types and Costs of Slack Cable Excavation Plants (2j^) 410
Moving a Sand Bin (2K) 412
Effect of Alkali on Concrete (i) 425
Influence of Temperature on the Strength of Concrete

C/^) 439
Oil Tar Creosotes {.%) 445
Methods of Creosoting Douglas Fir ( i) 460
Reinforced Concrete as Applied to Waterworks Con-

struction [2y,) 4O5
Accelerated Pavement Tests (K) 515

New Ocean Terminals at Halifax, N.S. (7) 101

Ontario's Hydro-Radials (i) 117
Railroad Situation, The ( i ) 117

Effect of Car Lines on Real Estate Values ( H ) '20

Transportation Commission for Toronto (i) 141

Rapid Transit for Toronto (iK) '4'

Growth of Street Railway Traffic in Relation to Popu-
lation (i) 144

Importance of Radial Electric Railways (2) 168

Wood Suitable for Cross-Ties (2) 169

Develoment of Transportation Facilities in British

Columbia (12) 205
Development of British Columbia. The ( i ) 217

Main Street Subway, Moncton, N.B. (5) 221

Present Stage of the Pacific Great Eastern Railway Con-
struction ( I ) 223

Tunneling at Roger's Pass ( i K ) 232
ITnusual Raihvay in the West, An (%) 232
Notes on Tunnel Survey Work (9) 237
Better Railway Equipment Needed ( K ) 261

Federal Government Expenditures in 1916-17 (%) 263

Railway Work in Northern Alberta {%) 269
Canadian Government Railway Expenditures ( Ji ) .... 287
Concrete Pipe Tunnel, N.T.R., Quebec (2M ) 288

Hydro-Radials in Peril [%) 31S
Cost-Keeping and Efficiency in Engineering (6) 329
Novel Rail Section (U) 343
Spring Clean-up for the Railroads ( i ) 359
Hudson Bay Road ( K ) 369
Design of Passenger Terminals (8) 373
Liability of Military Railroads [H) 377
Elements of Railroad Track and Construction ( 5^ ) 403
Railway Regulation [}i) 404
Raihvay Maintenance Engineering (^) 404
Erie Railroad Library ('%,) 420
Railroad Development in Canada (3^) 442
Methods Adopted in the Construction of Rogers Pass

Tunnel (4K) 467
American Railroad Bridges (6) _ 481

Oil Fuel Equipment for Locomotives and Principles of

Application (M) 49'

Nick and Break Test in the Inspection of Steel

Rails (2'^) 547
Hudson Bay Railwav ( '4 ) 617
Fire Protection on Railwavs m) 621

Equitable Specifications and Contracts (3) 638
Maintenance of Way and Structures ( M ) 687

ROADS AND STREETS.

Creosoted Wood Block on Grades CA) 118

Canadian Highwav Development, with Notes Regarding
Ontario's System (5) 118

Progress in Asphaltic Refining, with Notes on Mexican
.^sphaltic Crudes (3) 122

Examination of Bituminous Road Materials (2) 138



PAGE
Instructive Course for Ontario Road Superintendents

and Engineers (H) 156

Toronto-Hamilton Highway {%) 1 56

Pitch Fillers for Block Pavements (2) 157

Streets (4'i) 160

Gradation of Road Traffic ( 1 }i ) 185

Ontario's Progress in Highway Organization (}i) 191

Highway Work in Canada ( i M ) 203

Oiling of Earth Roads (6) 214

Estimates of Material and Haulage Costs for Gravel
Roads iH) 217

Main Street Subway, Moncton, N.B. (5) 221

Essential Physical Properties of Sand, Gravel, Slag and
Broken Stone for use in Bituminous Pavements (7). 224

General Principles of Road Improvement (2%) 233

Municipal Improvements at Niagara Falls, Ont. {%)... 234

Road Construction as Governed by Traffic Require-
ments (4) 266

Conference on Highway Construction ( J2 ) 269

Canadian and International Good Roads Congress iH)- 276
Limitations of Results of Tests of Bituminous Ma-

terials (7) 277
Construction Methods on the Toronto and Hamilton

Highway (5) 2S1

Country Roads (2) 285

Oil Tar Creosotes ( 2 M ) 289

Resurfacing Old Macadam Roads is'A) 3oo

Fourteenth Annual Meeting of the Ontario Good Roads
Association (3 K ) 302

Administration of a Country Road System (4K) 303
Some Minor Problems in a Highway Bridge Design (3)

.

306
Care and Operation of Quarrying and Crushing Equip-

ment (3) 312

New Estimate for Construction of the Toronto-Hamilton
Highway (iK) 315

Maps and Plans for Highway Engineers and Superin-
tendents ( 2 K ) 323

Wood as a Paving Material (4) 325
Cost-Keeping and Efficiency in Engineering (6) 329
Highways (2^) 333
Concrete Highways Subjected to Extremes of Tempera-

ture (2K) 335
Attitude of Legislatures to the Good Roads Move-

ment dM) 344
Hot-Mix Method of Bituminous Construction, Using

an Asphaltic Binder (7H) 347
Third Canadian and International Good Roads Congress

and Exhibition (8) 351

Construction and Maintenance of Brick Roads and
Streets is'A) 355

Interesting Exhibits at Road Show (i) Mar. 16 50
York County Highways Commission Organizes (%)

Mar. 16 50

Road Improvement in Province of Quebec (s) 363
Refuse Removal and Disposal in Moose Jaw {4%) 371
Interesting Report, An iji) 383
Relation of Specific Gravity to Degrees Baume (%).... 391
Creosoted Wood Block Pavements {4%) 393
Elements of Highway Engineering ( K ) 404
New Expansion Joint (M) 410
Canadian-made .'Vsphalt {%) . ., 410
Bituminous Roads (4) 421
Bituminous Paving Plants (6) 435
Building and Maintaining Roads with Refined Tar (3J^) 440
Oil Tar Creosotes {%) 445
Methods of Creosoting Douglas Fir ( i ) 460
Present State of European Timber-Treating Plants (%) 469
Accelerated Pavement Tests (^) 515
Review of 1915 Paving Work (4) 523
Road and Bridge Construction and Maintenance in the

Province of Nova Scotia (5) 525
Recent Development in Bituminous Macadam and

Bituminous Concrete Pavements (7) 527
Load of Vehicles .A.ct ( i ) 537
Retaining Walls on Bathurst Street Hill, Toronto, {6'A) 539
Building and Financing of Subways (4%) 548
Standard Form for Concrete Roads ( i ) 551
Tests of Effect of Method of Bending upon the Support-

ing Strength of Drain Tile and Sewer Pipe (4U)-- 552
Good Roads One of Canada's Greatest Needs (iK)---- 556
Width and Allocation of Space in Roads (5) 569
Concrete Pavements in Canada {H) 575
Practical Maintenance of Road Plants (7) 585
Roads and Pavements Data Forms ( i ;i ) 596
Traffic Schedule ( H ) 596
Collecting Highway Data ( H ) 6ot

PAGE
Annual Report of Highway Improvement in Ontario (3) . 608
Road Culverts in Quebec Province {2%) 6og
Engineering and Good Government (I'a) 611
Fluxing of Asphalt {'A) 623
Hydrated Lime in Concrete Pavements {6%) 632
Equitable Specifications and Contracts (3) 638
Road Maintenance Materials and Methods (7) 660
Two-Inch Wood Block Pavement ( t ) 666
Dust {'A) 668
Cost of Maintaining New York State Highways {7'A).. 672
Economic Value of the Good Roads Movement (U) 689

SEWERAGE AND SEWAGE TREATMENT.

Tanks for Temjxjrary Storage of Storm Water (7 A) I'S
Rideau River Intercepting Sewer (3) 139
Advances in Sewage Disposal {'A) 142
Main Garrison Creek Storm Overflow Sewer and Ex-

tensions, Toronto (12) 173
Measurement of Rainfall {%) 191

Niagara River Pollution {%) 217
Activated Sludge Process of Sewage Treatment (2%).. 227
Municipal Improvements at Niagara Falls, Ont. (%)... 234
Storm Sewers in Moose Jaw, Sask. (6) 245
Serious Pollution of Streams in Canada iH) 269
American Sewerage Practice, Vol. 3 (i ) 291

Use of Compressed .^.ir in Toronto Sewer Construc-
tion (11) 295

Montreal Sewage Suit Settled {%) 313
Some Hints on the Application of Sewage to Contact

Beds {A) 324
Cost-Keeping and Efficiency in Engineering (6) 329
Why House Connections to the Sewer Should be Carefully

Made (3) 332
Measuring the Discharge Through Venturi Meter Tube

with a Direct Reading Meter {%) 334
Refuse Removal and Disposal in Moose Jaw (4J2 ) 371

Reinforced Concrete in Sewers (6) 388
Use of Dredges in Excavating Open Drainage Ditches

(lA) 413
Hints on the Construction of Vitrified Clay Segment

Block Sewers (2) 4i4

Method of Testing the Efficiency of Distribution of Sew-
age Sprinkler Nozzles {6%) 432

Air Lift (4A) 437
Unit Concrete Construction for Manholes, Vaults and

Catch Basins at St. John, N.B. (2) 447
Milwaukee Activated Sludge Investigations (8) 473
Price of "Bleach" Advancing (i) 480
Organization of the Hydrometric Survey (H) 486

Field and Office Methods Employed by the Hydrometric
Survey of Canada (S) S06

Sewage Disposal Plants Needed (U) 5'5

Tests of Effect of Method of Bending upon the Support-

ing Strength of Drain Tile and Sewer Pipe (4H) 552

Need of Sewage Disposal Plants [A) 556

Ontario Health Officers' .-Xssociation {A) 557
--Xctivated Sludge Experiments at Milwaukee (9^^) 561

Activated Sludge ( i M ) S8i

Sewage Disposal by .Activated Sludge Process (7K) ••• 59°

Pollution of Boundarv Waters {7U) 597

Some Aspects of Chlorination (5) 603

Engineering and Good Government {lA) 611

Sewage Treatment Study for Niagara Falls, Ont., (6M) 629
Equitable Specifications 'and Contracts (3) 638
Ordinances to Control the Use of Sewers (23-4) 643
Windsor District Sewage Disposal (35^) 655
Results of First Year's Experiments with Small Sewage

Treatment Plants by United States Public Health

Service (5 H) 680

Waterworks and Sewerage Systems of Canada {A) • • 685

SOCIETIES.

Canadian Society of Civil Engineers (11) 149
Instructive Course for Ontario Road Superintendents

and Engineers {A) '56
Toronto Branch Canadian Society of Civil Engineers (A) 166

Canadian Society of Civil Engineers {'A) 167



PAGE
Ou.uva Br.uKli Canadian Soi iily of Civil Engineers [;^) lyO

Canadian Society of Civil Knginccrs (12M) '97

Can. Soc. C.li., Reports of Branches (2) 204

Eng-ineers Club, Toronto, ( J4 ) 240

Toronto liranch, Can. Soc. C.E. (iM) 271

Calgary Branch, Canadian Society of Civil Engineers (H) 272

Canadian and International Good Roads Congress (M)- 276

Toronto Branch, Can. Soc. C.E. (M) •• Feb. 24 52

Fourteenth Annual Meeting of the Ontario Good Roads
Association (3 M ) • .• 302

Ottawa Branch. Can. Soc. C.E. (J4) 316
Calgary Branch. Can. Soc. C.E. (H) 3'6
Calgary Branch, Can. Soc. C.E. {%) 338
Third Canadian and International Good Roads Congress

and Exhibition (8) 35'

Manitoba Branch, Can. Soc. C.E. (K) 360
^'ancouver Branch Can. Soc. C.E. (%) 360
Toronto Branch, Canadian Society of Civil Engineers (i) 384
Calgary Branch, Can. Soc. C.E. {%) 406
Canadian Society of Civil Engineers (M) 4o6
Ottawa Branch, 'Can. Soc. C.E. (J4) Mar. 30 50

Election to Membership in Can. Soc. C.E. (J4) 426
To Form Saskatchewan Branch, Canadian Society of Civil

Engineers ( '4 ) .\pT. 6 52

Visit to the Mountains of Northern Labrador (1) 439
.American Waterworks Association (U) 448
Toronto Branch. Canadian Society of Civil Engineers ( % ) 450
Toronto Engineers' Club Smoker {}i) Apr. 20 50

Legislative Control of Engineering Practice (4H) 532

Can. Soc. C.E., Committee on Prestige, etc. (K) S38
Ontario Health Officers' Association , H ) 557
Can. Soc. C.E. , Elections and Transfers (}i) 560

Edmonton Branch, Can. Soc. C.E. (K) 582

American Society for Testing Materials {%) 582

Engineers' Club of Montreal {%) 624
Engineers' Club of Thorold (%] 624
Can. Soc. C.E., Committee on Prestige (jO---June 8 48
Can. Soc. C.E., Elections and Transfers {%) 646
Canadian Railway Club {H) 683

Zinc Ci)
New Explosive (M)
List of Officers of No. Construction Battalion (i)..

PAGE
505

534
560

SURVEYING AND GEODESY.

Mapping of Canadian Cities (11) 107
Mapping of Canadian Cities, Pt. 2 (9) 133
Notes on Tunnel Survey Work (q) 237
Maps and Plans for Highway Engineers and Superin-

tendents {2}i) 323
Geodetic Surveying {}i) 403
Practical Surveying ( i ) 403
Tacheometer Surveying {%) 404
Precise Levelling by the Geodetic Sur\'ey (6) 45:
Precise Levelling by the Geodetic Survey, Pt. 2 (sM)-- 484
Irrigation Surveys and Inspections (6) 615

TOWN PLANNING.

Mapping of Canadian Cities (11) 107
Mapping of Canadian Cities, Pt. 2 (9) 133
Present Scope for Practical Work in Improving Can-

adian Cities (4%) 248
Civic Improvement League (14) 337
Federal Plan Commission's Report (g) 461
Width and ."Mlocation of Space in Roads (5) 569
Parks and Park Engineering (%) 578
Engineering and Good Government (i^) 611

WAR.

Fourth Divisional Cyclist Corps CA) 112
Metals Used in Shell-Making {%) 137
Shell Making from Coast to Coast iU) Jan. 27 52
Industrial Achievement, .'^n iU) Feb. 24 5:
Immigration {%) .Mar. 2 54
Engineer and the War, The {4%) 417

WATER SUPPLY.

Recent Progress and Tendencies in Municipal Water
Supply (6) 104

Recent Progress and Tendencies in Municipal Water
Supply, Pt. 2 (6) 128

Methods of Washing Slow Sand Filters (5) 131

Engineers Recommend Change in Design of Winnipeg
Aqueduct (i) 140

Laying Submerged Water Main at Vancouver, B.C. (3). 143
Masonry Dams (6) 186
Field Water Purification Plants (3) 189
Measurement of Rainfall {%) 191

Niagara River Pollution (U) 2x7
Winnipcg-Shoa) Lake Aqueduct (2) 241
Engineer and Standards vf Beauty, The (I3J4) 255
Use of Infiltration Galleries in Water Supply {2%) 262

Serious Pollution of Streams in Canada {%) 269
Recent Dam Construction, British Columbia (i) 271
Water Disinfection in Canada and the United States (3). 283
Working Air Out of Pipe Line Tested in Long Sec-

tions (i) 302
Constant .'^ngle Arch Dam (13) 317
Cost-Keeping and Efficiency in Engineering (6) 329
Measuring the Discharge Through a Venturi Meter Tube

with a Direct Reading Meter (J4) 334
Use of Ammonia in the Chlorination of Water (2U) 345
Examples of Constant .Angle Arch Dams {7}^) 366
More About the Infiltration Gallery (2) 392
Earth Dams {3%) 395
Constant Angle Arch Dam ( K ) 400
Water Supply of St. John, N.B. {3%) 415
Air Lift (4J4) 437
Experiments in Water Softening with a Zeolite-like Sub-

stance (I'/i) 444
Sooke Lake Pipe Line Successfully Operates Through

a Hard Winter (3M) 455
Reinforced Concrete as .'\pplied to Waterworks Con-

struction ( 2 J^ ) 465
Water Disinfection ( 1 ) 471
Price of "Bleach" Advancing (i) 480
Organization of the Hydrometric Survey (}i) 486
Proper Methods of Laying Wood Pipe (3) 488
Caisson as a New Element in Concrete Dam Construc-

tion. The(^.t) 491
Dams and Weirs ( X ) 492
.Artesian Wells and Methods of Pumping Them (sJi).. 500
Field and Office Methods Employed by the Hydrometric

Survey of Canada (8) 506
Stresses in Concrete Dams (i) 515
Some Suggestions Pertaining to the Operation of Water-

works Plants (2j^) 521
Winnipeg Aqueduct Work Proceeds {%) May 11 50
Saskatchewan Water Commission {2%) 545
Montreal Aqueduct Petition {2) 555
Forest Fires and Hydraulics {1%) 557
Ontario Health Officers' .Association (54) 557
Montreal Engineers Petition City to Investigate Aque-

duct Enlargement (i%] 559
Discharge from Vertical Pipes (2) 572
American Waterworks .Association Convention {1%).... 576
Hydraulic Flow Reviewed ( i ) 577
Ultra-Violet Rav Sterilizer in Canadian Bottling

Plant ( ;^ ) 593
Pollution of Bcund.iry Waters {7H) 597
Some .Aspects of Chlorination {5) 603
.Aggregate Studies at Winnipeg Aqueduct (3K) 60*'

Engineering and Good Government {1%) 611
Typhoid Toll. The (7/O 618
Prevention of Typhoid C/i) 623
Montreal Aqueduct Scheme .Approved (?i) 623
Waterworks Reservoirs (5'-^) 63S
Equitable Specifications and Contracts (3) 638
Montreal Aqueduct Scheme (2) 667
Use of Oil Engines for Pumping (4K) 67^
Hydraulics ( i ) 685
Waterworks and Sewerage Systems of Canada {%).... 685
Masonry Dam Design ( i ) 686



AUTHORS.

PAGE
Acres, Harry G 685, 687
Alvord, John W 104, 128

Ambrose, J. R. W 687

Arkley, L. M 405
Armstrong-, R. Fraser 4'

5

Baker, E. L 612

Black, Robson 557
Blount, Bertram 181

Brown, C. C 370
Busfield, J. L 373
Cameron, \V. G 113, 2()5

Campbell, R. H 286

Coleman, A. P 439
Connell, William H 660
Conway, G. R. G.. .50 (Jan. 13), 255, 686
Crandcll, John S 157, 440

Curzon, John H 488
Darling, E. H 407. 429
Davis, A. P 395
DeBlois,' T. M 323
Dennis, J. S 234
Doy, B. J 550
Duchastel, J 355
Butcher, H. K 63Q
Edwards, \V. Muir . .

.• 285, 333
Egan, J. M 414
Emmett, A. C 344
Eng-er, M. E 65Q
Evans. R B 57^

Fafard. M. E 585

Ford, Arthur H 437
Forrest, Chas. N 277
Fortin. Sifrov Joseph 647
Francis, Walter J 417
Frank, Leslie C 680
Fraser, Alexander 60Q
Fuertes, Tames H 606
Gamble, F. G 205

Gaub, John i-^i

Gib=;on, T. W 287
Godfrey. Lieut. S. C 320
Goethals; Gen Geo. W 5^1

Goldenstar. A. L 413
Goss, O. P. M -. 460

PAGE
Gregg, Tresham D 67g
Greiner, J. E 481
Grunsky, C. E 572
Harvey, John B 423
Harvey, S 685
Hastings, L. M 3o()

Hatton, T. Chalkley SQO
Henry, D. C 395
Hering, Rudolf 227
Hinckley, T. L 611

Hogarth, Geo 264, 503
Hogg, T. H 193, 492, 594
Hollister, S. C 378
Horner, W. VV 388
Hosford, R. F 612

Houston, G. N 532
Hunter, L. McLaren 139, 155
Inslev, W. H 370
Jack, R. T. G 173
Johnson, C. V 339
Johnson, George A 618
Johnson, R. D 664
Jorgensen, L. R. • .' 366
Kilpatrick, John D 500
Kinnaird, R. N 444
Kirschbraun, L 43S
Knowles, C. R 676
Kynoch, W 325
Law, Leroy M 122

Leonard, R. W 308
Longlev, Francis F 2S3

Lynch, Lieut. T. W. J. 101, 685
Macallum, .\ndrew F ti8, 393
ATacDougall, A. J .' .291, 578
Mackay, J. H 402, 490
Mackie, Geo. D 371

Marsh, Chas. F 465
Marshall. M. H 234
Maury. Dabney H 635
McDaniel. A. B 439
McLean. William A i iR, i;s6

McNamee. Geo. A 203

Metre, R. Van • ifiq

Meyers, A. J 5S3

PAGE
Molitor, David A 194
Moll, F 469
Moore, Harold 443
Muckleston, H. B 234
Muir, Robt. C 266, 421
Muntz, Eric P 153, 192, 412
Nelles, Douglas H 107, 133
Parker, G. Cameron 303
Parkin, John H 577
Payne, J. L 442
Pearse, William Worth 273
Philips, H. S 629
Potter, Alexander 262, 392
Proctor, E. M 385, 578
Race, Joseph 34s, 603
Reid, F. B 451, 484
Rhodes, E. L 612
Schlick, N.J 552
Scott, J. W. 686
Smith, Francis P 224, 347
Smith, R. M 312
Smpck, A. A 410
Somers, R. E 573
Stapley, Edward R , 432
Starr, Fred. W 672
Stockton, R. S 234
Sullivan, J. G

, 467
Suss, Alex. F 612
Talman, S. G 539, 579
Teesdale, C. H 683
Temple, John B 491
Thompson, F. Longstreth ......... 569
Thompson. Lesslie R 495, 517
Tillson, Geo. W 160

Toyne. John W 521

Uhler, William D 300
Van Scoyoc, H. S 281. 335
Wain, Chas. T 179
White, Arthur V 211

Whitney, C. S 457, 477
Wiglev, C. G 332
Williams, R. J 542
Wvnne-Roberts, R. 473, 561. 657

OBITUARIES.

Archer, Robert 172

Armstrong, Sgt. -Major 6go
Bowman, Col. Herbert J 690
Breckton, George P 450
Carman, Guy Colin 244
Chisholm, Wm. H 406
Conery, Charles H 360
Corthell, Elmer Lawrence bo2

Coyle. Hugh F 624
Creighton. Lieut. -Col. F. A. 6qo
Davey, H. N 450
Davies, Robert 428
Fleming. Simpson 621
Flook, John 428
Flynn. Jerry J ijS

Fox, Richard 428
Fraser, Graham ' 148

Graham, Alexander 244
Hartung, Henry 450
Hill, John Alexander 220
Holder, Frank T48

Jones, E. B 294
Jones, Lieut. Trafford 646
King, Dr. William Frederick 516
Lavin, William A 338
MacDonald. Duncan 272

Mann, William E 450
Mason, Josiah 668
McLean, Colin 516

Messacar, John W 668

Mitchell, W. H 17^

Mungall, A, N 624
Murray, Pte, Alex 148
Norris, Wm. 360

Osborne, J. Kerr 172

Pilcher, Major Norman C 624
Reynolds, S. R 668

Rivers-Wilson, Sir Charles 272

Ross, Lieut. C. S. D 646
Sanderson, W'm 384
Schneider, Charles C 220

Scoles, Charles R 668
Scott, Arthur P 316
Scott-Moncrieff, Sir Colin Campbell. 404
Sellers, Charles 406
Smith, George 428
Tomlinson, Thomas 360
Walters, Griffith D 196
Waghorne, William R 428
Westlake, William 148
Wheatley, John A 220

PERSONALS.

Acres, H. G 668
Adams, Capt. Frank P 690
Adams, J. W 450
Ahearn, John 516
Alderson, Wm 220
Allen, Lucius C 494
Allen, Samuel G 360
Anscold, D 450
Arnold, A. T .'. 450
Ashman, William 148
Baker, C. W 272

Barry, Capt 602
Beatty, E. W 172

Beatty, Weldon 172

Beck, Sir Adam 582

Bell, C. A 384
Bertram, General Sir Alexander . 117, 121

Blackade, Capt. G. H 668

Blackman, J. W. B 690
Bodwell. Major Howard L 538
Bone, P. Turner 560
Booth, J. R 690

Borden, H. P ii6

Brackin, R. L 243
Bradley. R. R 538

Brand, R. H 624
Brayley, H. Victor 624
Breckenridge, H. A 646
Breckton, J. C 196

Brickenden, F. M 272

Brown, .A 624

Brown, A. H 494
Burchell, F 244



PAGE
Uurpoo. Capt. F. D 33^
Burw.isb, Sapper Nathaniel A 624
CaKiwoll, Lieut. •H.ol. A. Clyde 668
Calvin, Lieut. R. M 338
Cameron, H. D 516
Campbell, C D 196
Campbell, L. A 172

Caniell, M. T 538
Carroll, A. J 294
Cavcrhill, P. Z 690
Cave, G. \V 124

Chace, W. G 668
Cockrell, E. T 244
Coderre, J. A .... 472
Collins, John 338
Condon, Fred. O .... 148

Conklin, Charles L. D 602
Gorman, W. E 294
Cote, J. L 220
Cotterell, C. A 582
Courtice, E. D. \V 516
Cousins, E. L 690
Crowley, Chas. J 316
Crumpton, Arthur 244
Ciirle, W. J 428
Dallyn, F. A 338
Dancy, H. N 4So
Daniel, Lieut. N. H 516
Davis, Lt.-Col. Geo. H 244
Davis, Lieut. William H 294
De Lotbinicre, Brig. -Gen. A. C. Joly 472
Deroche, Lieut. -Col. A. P 690
Dewhirst, John J 668
Digby, John 243
Dinsmorc, W. H 516
Duggan, George Herrick 149
Duncan, T. C 450, 646
DuVaL E. W 294
Emmens, N. W 196
Evans, F. W 384
Fairchild, W. H 384
Finnie, Dr. J. T 172
Forgeus, E. E 360
Forrest & Lightfoot 338
Forrester, T. A. Jardine 624
Fox, C. H 220
Frame, Stanley H 538
Fraser, W. Grant 582
Freeman, Manfred 196
Frigon, Augustin 538
Fyshe, Thos. Maxwell 624
Gamble, Francis Clark 149, 294
Gervin, H. G 172
Gibbs, C. L 494
Girvin, H. G 428
Gordon, C. B 220
Graham, D. A 220
Graves, A. G 244
Gray, E. R 690
Guy, George 1 14S
Haddin, John 272
Hamilton, E. H ' 220
Hannaford, R. M 602
Hanson, E • 668
Harris, J. W 538
Harris, Lieut. Ralph , . . . T24
Harvie, Henry 494
Hastings. G. V 516
Hay, Norman K 450
Henderson i^- Taylor 646
Henry, Thomas 384
Hesketh, Lieut. -Col. J. .A 494
Hinckley, Thos. L. 5<5o

Hodge, Henry W 148
Hogarth, Geo 220
Hopkins, Lieut. R. H 272
Howe. CD 244, 668
Humphreys, Alexander C 338
Inglis, M. M 3,6

PAGE
Ireland, L. G 5<x>

Irving, Major Thos. C 624
Johnston, C. C 668
Johnston, J. T 668
Johnston, W. N 196

Johnstone, J. C 668

Jones, Frank P 124

Kappcle, A. P 690
KeflFer, Frederick 516

Keifer, H. N 172

Keillor, John 406
Kelley, G. S 624
Kennedy, Sir John 117, 121

Kilburn, Capt. F. C 428
Kilmer, John H 494
Kinghorn, .Andrew A 646
Kingwcll, Lieut. Eric G 53**

Kyd, Robert George 124

Laing, J. S 196

Lambe, Stevenson 338
Lane, Ernest 384
Latornell, .A. J 272

Law, Sgt. Geo 272
Lawson, Lieut. Frank J 538
Lea, R. S 516
Lea. W. S 338
Leavens, Walter R 338
Le Cointe, P 220

Lee, R. H 450
Leslie, Don E 646
L'Esperance, D. 646, 690
Leversuch, F. T 243
Light, Charles P 494
Little, Arthur D 516
Lumner, F. W 148
Lyche, Norman E 494
Lyons, Patrick 690
Macallum, A. F 582

Mackay, W. D 494
Mackendrick, W. G 316
Mackie, Geo. D 494
Mackintosh, James 272
Mahoney, P. G 560
Mahoney, W. A 6go
Marble, Charles L 690
Martin, Rufus A :24
Maunsell, Col. C. S 690
McArthur, J. D 316
McAvoy, Harry 124

McBeath, John D 450
McCarthy. T. V 360
McCormick, J 384
McCulloch, J. A 668
McDonald, Lieut. James Campbell. 272
McDonald, P. A 124
McDougall, D. H 338
McGowan, A. R 148
McHugh, Capt. John 220
McKelvie, N. Bruce 450
McKillop, Robert 494
McKnight, George 450
McLean, W. .A iq6

McLeod. Prof. Clement Henry .... 150
McMillan, T. D 450, 6qo
McMilLin. J. H 516
McMulkin, T. J 220
McNab, Wm 243
McNaughton, Major A. G. L 494
McNeice, L. G !;6o

Mead, J. H 294
Melsted, V.ildimax 5^8
Metcalf. Leonard 668
Michel. George S 124
Miles E. L 272
Miller. Capt. Albert Peter 600
Mitchell. Lt.-Col. Charles H. .244, 360
Monteith, Francis B 404
Mountain. G .\ ^S<

Munro, Lieut. \V. H 196

PAGE
.Murdoch, William c; 51O
Murph) , Chas. J 338
Murr;iy, i . .\iid O02
Morns, J. L 244
NaMnilh, Lieut. -Col. George G 53'i

Nelson, James M 690
NichuUou, R. V 602
Nicol, Wm 582
Nysirom, K. F 272
Pearsons, G. L 438
Phelps, J. E. b .'. 582
Philips, Hector Somcrvillc 360, 646
Price, C. W 272
Price, Sir William 646
Purvis, Allan 538, 582
Quail, J 472
Ramsay, Lieut.-Col 668
Ramsay, M. H 494
Kaitdali, A. J 516
Reid, .Arthur 172
Renix, W. J 494
Richards, J. E 360
Ricketts, Fred ... 220
Ripley, Blair 516
Rodger, Thos 272
Roberts, E. R 338
Robinson, M. 220
Robinson, W. H 450
Rogers, T. Shurman 172
Rose, Stanley H 624
Ross, P. D 316
Rudd, D. E 148
Rust. C. H 244
Rutter, F. M 243
Ryan, G. B 646
Schreiber, Sir CoUingwood 117, 121

Scott, H. M 243
Scott, J. G 646
See, Alonzo B 450
Seton, Bertram W 338
Sherman, Fred. W 450
Sise, Capt. Paul F 196
Slaughter, B. G 40&
Smith, Kenneth H 172, 406
Smith, W. R 294
Staveley, E. B 243
Sterne, Capt. E. T 560
Stevens, A. E 538
Stevens, G. H 516
Stone, William 172

Sullivan, J. G 582
Tansley, Wm 243
Tempest, R. C. D 406
Thompson, Lome 384
Thorold, F. W 338
Tisdale, C. E 172

Trethewev, W. G 294
Trimble, R. P 516
Twist, G 624
Vaughan, Frank P 243
Vaughan, H. H 243
Verdoe, H. L 196
Volkmar, A. C 538
Wallace, Frank G 338
Walls, L. T 690
Wardwell, H. F 316
Watkins, Frank E 124

Wheatley, A. W 243
Wicksteed, H. K 494
Williams, D. H. 220

Williams, Lieut. Geo. K. 220

Williams, G. S. Sheldon 338
Williams, H. M 4So
Wilson, .Mex 690
Wilson, R. M 646
Workman. ]\Tark 220, 428
Wright, A. E 450
Wright, R 243



Volume 30. Toronto, January 6, 1916. Contents of this issue on page 5.

The Canadian Engineer
A weekly paper for civil engineers and contractors

npiiiiiiMiiniiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiii^

NEW OCEAN TERMINALS AT HALIFAX, N. S.

FIRST OF A SERIES OF ARTICLES DESCRIPTIVE OF ONE OF
CANADA'S GREATEST ENGINEERING UNDERTAKINGS FOR THE
IMPROVEMENT OF HER OCEAN COMMERCE—A $35,000,000 TERMINAL.

By LIEUT. T. W. J. LYNCH.
Formerly Assistant Engineer. City of Halifax.

AT present Halifax is served by two terminals, one

/ \ at Richmond, in the extreme northern section of

X \ the city and the other, the so-called "Deep Water
Terminals," located more centrally, off Water

Street, south of H.M. naval yard. X few years ago (1912)
it was decided to construct large new ocean terminals, to be
located considerably farther out in the harbor, at George's
Island Bay, near the south or ocean end of the peninsula

on which the city is located. The Minister of Railways
and Canals for Canada accordingly instructed Mr. F. P.

Gutelius, M.Can.Soc.C.E., now General Manager, Cana-
dian Government Railways, and Mr. F. W. Cowie,
M.Can.Soc.C.E., Chief Engineer, Montreal Harbor Com-
mission, to prepare the comprehensive scheme which
underlies the present constructional activities of which the

following is descriptive.

'/I 1 Viz L

I L L. I

Fig. 1.—Map of Halifax, Showing Location of the
New Terminals.

The terminals, which have been designed to be the
best equipped on the .Atlantic coast, will consist of a bulk-
head passenger landing quay, or wharf, 2,006 ft. long
with 45 ft. depth of water at low water of spring tides, at

which three of the largest ocean steamers can dock at the
same time in safety and without tug assistance ; a wharf
building the whole length of the bulkhead quay, the first

floor of which will be for freight and the second floor for

passengers, customs and immigration quarters ; also

passenger and freight tracks that will run alongside the
ships. The whole is laid out so as to give the most ex-
peditious, convenient and economical arrangements for

the transfer of passengers, baggage, mails and freight

from steamer to rail and vice versa.

Fig. 2.—Moving the Finished Block.

This scheme of development provides for the con-
struction of five piers, 1,250 ft. long and from 320 to 360
ft. wide, equipped with wharf freight sheds and railway
tracks; of railway yards for the storage and switching of
cars ; of elevators which will permit of grain being loaded
into ships at each of 20 berths ; of a central light, heat
and power plant, and a locomotive house for switching
engines

; parlor, sleeping and dining car department and
passenger coach yard, etc., and of a breakwater from Pt.

Pleasant Park to the Reid Rock Buoy, about 1,600 ft.

long in deep water.

The first unit will consist of the bulkhead quay with
freight sheds and immigration buildings, passenger sta-

tion and one pier equipped with sheds and tr.icks, together
with all necessary accessories. This unit will provide
accommodation for nine of the largest ocean steamships.
As soon as business warrants it, more piers will be con-
structed, each giving an additional capacity for four such
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slcamsliips. In the near future, perhaps upon the opening
of the (Juebec bridge, provision will have to be made for

further accommodation.
The union passenger station which will be built near

the corner of Mollis and South Streets, will be a very

handsome and substantial structure, provided with all

modern conveniences and facilities for passengers and the

Fig. 3.—Making the Concrete Pier to Receive the Block
at the Bottom of the Harbor.

handling of baggage, mails, express, etc. The passenger
car yard will be situated immediately southeast of, and
adjoining, the union station, and will be of ample capacity
and equipped with all necessary heating supply buildings
and up-to-date facilities.

The ocean terminals will be reached by a branch rail-

way to be built from Rockingham, on the Intercolonial

Railway, four miles from the North Street station at

Halifax, about five miles from the present deep-water
terminals and about six miles from the new terminals,

which will be situated nearer the, entrance to the harbor
than any existing wharf. There will be no grade cross-

ings, the railway being carried under the H. &;S.W. Rail-

way, and in all cases either under or over all streets and
roads by means of bridges, the designs for which will be
made to harmonize with their surroundings.

The railway has been designed for high-speed pas-

senger and henvv freight trains. The maximum curvature

will be 4 degrees and all curves will be laid out with

suitable easements. The maximum gradient will be 0.6

per cent., compensated 0.04 per cent, per degree of curva-

ture. To preserve the appearance of the residential sec-

tion of Halifax along the northwest arm and in the vicinity

of I't. Pleasant Park, the railway will be constructed from
Quinpool Road to Young Avenue in a cutting of sullicienl

depth to give clearance for the railway under the over-

head bridges, which will carry the streets and roads over
the railway. The line will be double tracked throughout,
with additional lead tracks at the yards and terminals.

The bridges, culverts and structures will all be of perma-
nent construction. The excavations for the railway, which
will greatly exceed the embankments, will consist mostly

of rock. The surplus excavations from the northern end
of the railway will fill in and reclaim from Bedford Basin
a large and comparatively shallow area, which will be

used for the new freight terminal yard. A suitable site

for this yard would otherwise be very difficult to provide.
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Fig. 6.—Filling the Forms with Concrete.

only being used between the new yard and the city and

harbor terminals. The excess material from the railway

cuttings at the southern end will be used for filling behind

the quays and piers which are to be built in the harbor.

Selected rock will also be obtained from the cuttings for

the construction of the rubble mound breakwater, which
will extend eastward into the harbor for about 1,600 ft.

The grading of the approach railway and the con-

struction of the terminal yard at Bedford Basin and the

breakwater at the harbor, the contracts for which were
let to the Cook Construction Company, Limited, of Sud-

bury, Ont., and Andrew Wheaton, of Amherst, N.S., will

be practically completed by the spring of 1916.

The estimated expenditures under the two contracts

let are: (i) The Cook Construction Company, Limited,

and Wheaton Brothers, for the grading of the railway and
railway yards, including the breakwater, $1,750,000; (2)

Foley Bros., Welch, Stewart and Fanquier, for quay
walls, dredging, filling, shed foundations, sewers, etc.,

$5,500,000.

The whole scheme of terminals has been prepared

under the direction and supervision of F. P. Gutelius,

M.Can.Soc.C.E., General Manager, Canadian Govern-
ment Railways; F. W. Cowie, M.Inst.C.E., Chief En-
gineer, Montreal Harbor Commission, is consulting

engineer, and Jas. McGregor, A. M.Inst.C.E., to whom
the writer is indebted for assistance in the preparation of

this article, is superintending engineer in charge of the

work at Halifax.

The deep-water terminals, now known as Pier 2,*

have been completed as per contract and will be used for a

year or two for passenger and freight purposes, until the

ocean terminals are ready. The partitions and other in-

*For a description of the Halifax Deep Water Terminals
see The Canadian Engineer for July 30th, 1914.

terior fittings of the building will be removed and they
will be used for freight purposes only.

Preliminary work was started at Fairview on the line

of the new ocean terminals railway, July 31, 1913. The
contractor's plant consists of five large steam shovels,

electrically operated; fifty 12-yard air dump cars; four
standard locomotives, and two Jordan air spreaders. The
contract is being carried out jointly by a combination of
the Cook Construction Company, Limited, Sudbury, Ont.,
and A. & W. D. Wheaton, .Amherst, N.S.

On October 20th, 1915, Sir Robert Borden, Premier
of the Dominion, and Hon. Frank Cochrane, Minister of

Railways and Canals, assisted by other Dominion officials,

visited the work and formally placed one of the 621/^-ton

concrete blocks in position in the quay wall. The cere-

mony was conducted amid immense dredges, scows, con-
crete mixers, cranes and other plant totalling in value over
$1,000,000, which gave a distinct business tone to the

event. A loo-ton crane gripped the block and swung it

readily into place, while submarine blasting operations in

the harbor added to the impressiveness of the agencies
trained upon the work.

It is of interest to note that nine passenger steam-
ships, as large as the "Alsatian," will be able to be along-

side the quay walls when the present unit is completed and
this space will be only one-third of the berthage room
that will be provided when the whole undertaking is

finished. .A fleet of 27 ships, each as large as the

".Alsatian," or any floating palace 600 ft. long, can then

be accommodated at the piers at one and the same time.

The northern portion of the unit, or passenger quay, will

allow two "Mauretanias" to berth one ahead of the other.

The ships thus provided for will have a depth of water
alongside the piers of 45 ft. at low tide, New York having

40 ft. and Boston 35 ft. in the channel.
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The reinforced concrete piles for the foundations of

the depot and transit sheds, each from 40 to 60 ft. in

leiigtii, will number 5,000. A force of 1,000 men, whose
daily pay-roll is well over $2,000, with a similar expendi-

ture per day for material, is an indication of the extent of

present activities.

The quay walls running from the northern extremity

of the passenger landing and around all the basins and

piers will be 6,674 ''• '" length. The area thus enclosed

will be largely filled in by material taken from the railway

cuttings by the contractors for that part of the undertak-

ing, i.e., the Cook Construction Company, Limited and

Wheaton Bros. The quay wall is made up of concrete

cellular blocks or shells, each weighing some 62 •'2 tons

RECENT PROGRESS AND TENDENCIES IN

MUNICIPAL WATER SUPPLY.

Fig. 7.—Making Reinforced Concrete Piles.

and faced from low-water mark up with granite. These
shells are to be filled in with rubble and concrete, making
a solid wall 31 ft. thick with a height of 60 ft., having a

length of over i j{ miles. The number of these concrete

shells is 3,634, of which about 1,200 have been made and
many are to be seen ready to be set in place. Their con-

struction is illustrated in the accompanying views, and
already about 350 have been placed in the quay walls,

over 750 feet of which have been built.

The concrete in these shells will amount to 110,000

cubic yards and a similar amount of concrete will be re-

quired to fill them when placed. The total concrete in the

walls will be approximately 260,000 cubic yards. Some
25,000,000 lbs. of steel reinforcing, 400,000 barrels of

cement, and 300,000 cubic yards of gravel will be required.

The cut granite facings for the quay walls will amount to

103,000 square feet. Extensive granite quarrying is being

carried on for this imdertaking in the Dominion Govern-

ment quarries at PurroH's Cove at the mouth of the north-

west arm.

An extensive froig-ht tunnel system underlies pr.ictically

every street in the downtown business district of Chicago,
TU.. reducing surface vehicular traffic by one-third.

IMPORTANT work has been done during the past

decade in the development of sources of water supply.

Much interest attaches to recent large gravity supply

developments of very remote surface sources. Two
such projects of unprecedented magnitude and importance

have been carried almost to completion within the past ten

years, and a third has been developed to the point where

construction will be possible in the near future. These

projects receive especial mention in John \V. Alvord's

paper read at the International Engineering Congress, of

which the following is an abstract.

The Catskill Supply.—The greatest single municipal

water supply project so far undertaken is the Catskill

supply for New York City. This project is designed to

furnish 250,000,000 gallons per day as first completed, at

a cost of about $200,000,000, and will be capable of en-

largement to supply 500,000,000 gallons per day. The
need for such a supply was foreseen as early as 1900, and

led, after exhaustive investigations, to the beginning of

construction in 1906. Impetus was given to the work by

the drought and threatened water famine in 191 1, and

completion of the entire undertaking is now expected in

about a year.

Los Angeles Aqueduct Supply.—The city of Los
Angeles, in 1913, carried to virtual completion the largest

single water supply project conceived and finished within

the decade just past. This work, for boldness of concep-

tion and speed and economy of execution, is an excellent

demonstration of the possibilities of municipal enterprise.

When, in 1904, Los -Angeles faced the prospect of out-

growing its municipally owned water supply of 40,000,000
gallons per day, the first definite steps were taken to

secure an adequate supply for future needs. It was
decided, after thorough investigation, to develop a gravity

supply from Owens River, 250 miles distant, and con-

struction of the great aqueduct began in 1907. This

aqueduct, now completed, insures to the city 259,000,000
gallons per day of mountain water at a cost of $24,500,000,
exclusive of power development. All water in excess of

the city's present needs will be sold for irrigation and the

great height of the source (3,812 feet) permits of several

water power sites from which the city expects to derive

additional revenue.

Hetch Hetchy Project.—The way has been paved
during the past ten years to practically insure the con-

struction in the near future of another great municipal

water supply project, very similar to and rivalling in

magnitude the Los Angeles aqueduct. This is the Hetch
Hetchy project proposed for the future water supply of

San Francisco and the adjourning bay cities. This pro-

ject, as now planned, involves a gravity aqueduct 170
miles long, of 240,000,000 gallons per day present maxi-
mum capacity, and storage on the Tuolumne River suf-

ficient to provide a present minimum supply during the

driest year of 160,000,000 gallons per day, at an estimated

cost of $36,981,000. The ultimate capacity of the project

is to be 400,000,000 gallons per day, and the great altitude

of the source (3,800 feet) makes possible three water
power sites along the route of the aqueduct.

The chequered career of the Hetch Hetchy project is

explained largely by the fact that San Francisco is sup-

plied at present by a private water company, whose water
supply resources are not as yet fully developed ; that there

are several other available sources of supply; that the

proposed project must in part involve the development of
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Table 1.—Growth in Population Supplied with Filtered Water in the United States by Slow Sand and by

Rapid Sand Filters.

Total Urban Pop-
ulation in the

Year. U. S. (Towns and
Cities above 2,5CK)).

Pop. Supplied with Filtered Water. Per Cent, of Urban Pop. Supplied.

1870 ..
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standard is liigher and our water supplies distinctly bcller

than they were even a decade ago.

A number of cities having supplies of naturally very

hard waters, like Columbus, Ohio, have in recent years

installed water softening plants as well as filtration, while

at other plants iron removal, or removal of color, is ac-

complished as part of the purification process.

Water Filtration.—Stimulated by wide dissemination
of modern ideas of sanitation, water filtration in the

United States has made great progress during the past

decade. The population supplied by filtered water, as

shown by Table I., has increased from 3,160,000 in 1904,
to 17,291,000 in 1914. As late as 1903 only about 60 cities

and towns were supplied with filtered water, while there

are now some 480 filter plants in this country with a total

capacity of 2,585,000,000 gallons per day. These filters

serve 40.68 per cent, of the urban population, while in

1904 only 9.66 per cent, of the urban population (Includ-

ing all towns of over 2,500 population) was so supplied.

The relative growth of slow sand and rapid sand
filtration during this period is interesting. It reflects

strongly the relative adaptability to conditions in this

country of the two types of filters and the gradual ac-

ceptance by the general public of ideas in water purifica-

tion looked upon with prejudice less than ten years ago.
Although slow sand filters were the first to be introduced,
by 1904 rapid sand filters, including the earlier "me-
chanical" filters were far in the lead with a total popula-
tion served of 2,600,000, as against only 560,000 supplied
by slow sand filters. From 1904 to 1908, several very
large slow sand filter plants were completed, at Phila-
delphia, Pa., Washington, D.C., and at Pittsburgh, Pa.,
and the relative lead of rapid sand filters was much re-

duced, although even then the population served by rapid
sand filters was very nearly twice that supplied by slow
sand filters. Since 1910, the growth of slow sand filters

has been less marked. In 1914, a population of 5,398,000
received water from about thirty slow sand filters, while
upwards of 450 rapid sand filters supplied a total popula-
tion of 11,893,000.

.Although there are now in this country fifteen rapid
sand filter plants to one slow sand plant, the capacity of
the larger slow sand filter plants is greater than that of
any rapid sand filters yet built. The largest slow sand
filter, located at Philadelphia, and in service since 1908,
has a rated capacity of 240 million gallons per day. In
contrast to this, the rapid sand filter at Cincinnati, com-
pleted in 1907, with a capacity of but 112,000,000 gallons
per day, is the largest plant of this type in operation up
to 191 5. Present tendencies in this country are indicated
by the fact that several cities are now building mechanical
filter plants larger than any now in operation, while no
large slow sand filter plants are under construction or
projected. A rapid sand filter of 320 million gallons
capacity, 30 per cent, larger than any existing slow sand
plant, has been designed for the Croton water supply of

New York. St. Louis is building a rapid sand filter of

160,000,000 gallons capacity, the city of Cleveland is build-
ing two rapid sand filters, with a combined capacity of

225 million gallons, the larger plant of the two having 150
million gallons capacity, and Baltimore is about to com-
plete a rapid sand filter of 128 million gallons capacity.

The rapid sand filter has outstripped the slow sand
filter principally because it is better adapted to handling
waters of the high turbiditv characteristic, at times, of

practically all our rivers outside of the extreme north-
westerly portion of the United States. In many parts of

the country, the slow sand filter, unaided by auxiliary pro-

cesses, more especially coagulation and preliminary sedi-

mentation, would be incapable of continuously handling

the water except at greatly reduced rates of filtration,

owing to the rapid clogging of the beds and great diffi-

culty and time required in cleaning. The rapid sand filter,

using coagulation and ample preliminary sedimentation

that relieves the filters proper of a very large share of the

burden of purification, and with easy means of cleaning

the filter beds, has, on the other hand, repeatedly demon-
strated its ability to properly and economically filter the

most turbid waters. The growing recognition by en-

gineers of the merits of the rapid sand filter is evidenced

by the final recommendation in a number of instances of

rapid sand filters, reversing earlier recommendation of

slow sand filters, as in the case of New York City, Balti-

more and Minneapolis.

Although the limitations of slow sand filtration in

handling waters of high turbidity were early realized,

these filters were often favored in preference to rapid sand

filters. Popular objection to rapid sand filtration arose on

account of its use of a coagulant. This prejudice is well

illustrated in the case of Washington, D.C. , where popular

agitation resulted in the building in 1905 of a slow sand

filter after the original recommendation of a rapid sand

filter. Prejudice against the use of alum, and, in fact,

against the use of other chemicals, either for coagulating,

softening, or sterilizing water has now been for the most
part overcome. This is mainly due to the extensive use

of coagulation at a large number of rapid sand filter

plants, occasionally in conjunction with water softening,

without ill effects on the consumer, and to the well-earned

public favor enjoyed by the process of water sterilization

by means of hypochlorite of calcium.

While the rapid sand filter has overcome the prejudice

under which it labored ten or fifteen years ago, and has

been demonstrated as equal, if not superior, in bacterial

efficiency to the best slow sand filters, it is of interest to

note that the attempt in recent years to apply slow sand

filtration outside of its proper zone of relatively clear

natural waters has not met with success. This attempt has

brought about very radical departures from early slow sand

filtration practice, and has obscured the original sharp dis-

tinction between this type and the rapid sand filter, with-

out evolving a superior filter. It has been necessary to

resort to coagulation at the Washington slow sand plant,

in spite of very long preliminary sedimentation. At Phila-

delphia and at Albany, preliminary filters, which are prac-

tically rapid sand filters, have been added to' better enable

the slow sand filters to do the work originally expected of

them. At Pittsburgh extensive modifications have been

necessary to properly prepare the water for the slow sand

filters that had been proved incapable, alone, of producing

a satisfactory effluent. The reliance now placed on sterili-

zation of the filtered water at most of the principal slow

sand filter plants shows further the wide departure made
from the original slow sand process, in the effort to keep

the performance of some of these plants up to the standard

originally intended of them without the help of these and
other auxiliary processes. .AH of these processes are

foreign to the original idea of a "natural" process for

water purification, which gave to the slow sand filter much
of its vogue and played an important part in meeting the

early competition with the so-called "mechanical" filter

and the present rapid sand filter.

The process of rapid sand filtration was highly

standardized ten years ago, and has undergone little

change since 1904 beyond the incorporation of water
sterilization as an additional safeguard, and a more gen-

fContinued on pncrc T12.}
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THE MAPPING OF CANADIAN CITIES.

By Douglas H. Nelles, D.L.S., M. Can. Soc. C.E.

WE have in Canada a very important commission.

It is called "The Commission of Conservation."

It is not executive in character, but is an ad-

visory body. It collects and tabulates accurate

information upon the natural resources of Canada, in-

cluding Fisheries, Game, and Fur-bearing Animals,

Forests, Lands, Minerals, Public Health and Town-
planning. If we analyze each of these branches we will

find that when brought down to their basic principles

they all deal with "The Conservation of Human Life."

The most important branch of the commission's

work is, therefore, the Town-planning branch, dealing,

as it does, with human life in its most concentrated form.

street car service ; the direction and width of roads

;

reclaiming of low and swamp lands and turning them
into healthy parks and lakes ; the location of sewers and
water service, and many other problems which will be

mentioned later on.

In order that the planning may be done in the most
intelligent, systematic and economical manner it is ab-

solutely necessary that there should be a large-scale

topographical map of the city and the surrounding dis-

trict which come under the town-planning scheme.

There should also be a smaller scale map, published

upon a scale of about six inches to a mile. The six-inch

map is for planning the scheme in its general outlines,

and the large-scale map is for working out the detailed

problems of the scheme and the engineering problems

encountered when the plan is put into action. Besides

town-planning, these maps will form the basis of all

Specimen of the City of London, England, Map, 1/500 Scale. Published in Black.

The health, intelligence and morality of the community
depend upon the health, intelligence and morality of the

individual, and this is to a great extent the result of the

environment in which the individual lives and grows to

manhood. Town-planning has, then, for its basic object

the betterment of the individual through improving the

environment in which he lives. That is to say, laws are

passed which enable those who preside over the future

destinies of the city to so control and regulate the growth
of the city that the residential portions shall be in the

localities most suited for healthy homes, that the homes
themselves shall be built properly and not crowded, that

the business section shall be in the most suitable situa-

tion, and that the manufactories shall be kept in the

locality best suited to them.

In planning the localities for the different kinds of

activities of citv life various detail problems enter into

the problem as a whole, such as transportation, involving

location of railway tracks, yards and terminals, in regard

to both passenger and freight service ; rapid transit and

the work and records of the city's engineering depart-

ment, and also other city departments.

The mapping of cities and towns in Canada on a

large scale has not yet been attempted, but it is most

important that such maps should be prepared as will be

shown during the course of this article. This is especially

so "because of the extent to which land has been sub-

divided beyond the limits of built-upon areas of most

of our Canadian cities."

SCALE OF MAP.

Uses of Map.—In deciding what scale the map is

to be published on we must examine the different pur-

poses for which it will be used. They may be enumerated

in part as follows : For city planning, for planning relief

and storm sewers, or a complete sanitary system and

the location of disposal works, for planning and laying

out a complete water system or extensions, for locating

new roadways, laying out subdivisions, for improving
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Specimen Map of the City of London, England, 1/1056 Scale. Published in Black.

creeks, for landscape and parks works, for bridge works,

for railways, their terminals and yards, for tunnels and

canals, for gas pipe lines, for electric wiring lines, for

telephone lines, even for architectural work, and many
other purposes too numerous to mention.

It will be seen from the foregoing that the uses to

which a city map will be put are many and varied. The
waterworks engineer will have a complete set upon

which he will show all his water and sewer lines. The
road and sidewalk department, the driveway and parks

department, the gas companies, the electric companies,

the railway companies, the telephone companies, and

many other smaller concerns and private individuals will

each have a set upon which they can show such work as

is already completed, and also design and calculate the

cost of new extensions.

Specimen of an English Map on a Scale of 1 10560. Published in Black.
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Data Shown on Map.—Having examined

the uses to which the map will be put, we
find that it will be necessary in order that it

will be of the greatest value to all for it to

show the following data : Buildings, side-

walk and road lines, trails and foot-paths,

fences, boundary lines, railroads, canals,

streams, rivers, lakes, tunnels, bridges,

dams, locks, wharves, docks, jetties, break-

waters, ferries, fords, falls and rapids,

marsh, hydrants, manholes, drainage grates,

trees, triangulation stations, primary tra-

verse stations, bench-marks, located land

monuments, and the elevation and form of

the ground surface by means of contours.

It should also show the difference between

public buildings, business buildings and

residences.

And finally, before deciding upon the

scale of the map, let us see what other

countries have done in this respect.

Memorandum on Large-scale Maps of

Great Britain.—"Town maps of the whole of

the United Kingdom have been prepared on

various scales. In England and Wales 408
towns, and in Ireland 105 towns, have had
plans prepared and published in the ordinary

course of the survey on large scales ; and,

in addition to these, large-scale plans of 33
smaller places in Ireland have been prepared

but not published.

"The first scale adopted was 5 feet to a

mile, or 1/1056 the actual measurement on

the ground ; the plans of London, Dublin,

Belfast, and some smaller towns are still on

this scale, and the original plans of the towns

in Yorkshire, Lancashire and the South of

Scotland were prepared and engraved upon

this scale.

"There are also a few places that have

plans on the scale of 10 feet to a mile, or

T-IANGULATION SCHEME
OF

CINCINNATI

1/528 the actual measurements.

But the rule from 1855 to 1894

was to prepare and publish the

plans of all towns which at the

time of the survey had 4,000 in-

habitants and upwards on a scale

of 1/500, or 10.56 feet to the mile.

Most of the towns in the United

Kingdom, therefore (London, Dublin and Belfast being, as

above said, exceptions), have plans on this scale, which is

large enough to show doorsteps, the thickness of walls, and

the divisions of buildings. Most of the town plans also show

all objects connected with water supply, lighting and drainage,

such as hydrants, sewers, manholes and gratings. Levels are

shown along the streets and bench-marks are cut at frequent in-

tervals, showing to two places of decimals the altitudes above

mean sea level. Areas are not shown on the town plans."

The plans on the scale of 1/500 are similar in size to the

1/2500, or 25-inch plans, namely, about 36 x 25 inches, and

contain an area 24 x 16 chains, or 38.4 acres.

Maps on a scale of 1/2500, or 25.34 inches to the mile, are published

for the whole of the cultivated districts of Great Britain, and the survey

of the cultivated portions of Ireland is in progress.

Maps on a scale of i '10560, or six inches to the mile, can be obtained

for the whole of the United Kingdom.
Map of St. Louis, U.S.A.—This map is on a scale of i inch equals

200 feet, or a natural scale of 1/2400, with a contour interval of 3 feet.

Map of Cincinnati, U.S.A.—This map is on a scale of i inch equals

400 feet, or a natural scale of 1/4800, with contour intervals of 5 feet and
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Specimen of the City of Cincinnati. Ohio, Map, 1-1800 Scale. Published in Black, Blue, Brown and Green.

2 34 -foot contours when the slope is less than six

degrees.

Suggested Scale for Canadian City Maps.—A scale

of 1 foot equals a thousand feet, or a natural scale of

I / 1000, would enable us to show all the necessary detail.

It would be an easy scale for an engineer to make cal-

culations from, a scale economical from the standpoint

. of the topographical surveyor, and one from which

measurements could be taken either in feet or meters

;

arid, as the metric system of measurement is coming

more and more into use by scientific men, we should

provide for future changes in this respect. It would,

therefore, seem that the i / 1000 scale would be the best

for Canadian cities, lying as it does half-way between

English practice of 1/500 scale and the American prac-

tice as represented by the Cincinnati map on a 1/4800

scale.

METHODS OF SURVEY.

Triangulation. — In all surveys for map-making,
where there is any considerable area to cover it is neces-

sary to have a scheme of triangulation, making a network
over the territory to be mapped. Triangulation is gen-

erally divided into three classes. Primary, Secondary
and Tertiary.

Primary triangulation is the most accurate known-
method of measuring long distances, and is used for

co-ordinating detached surveys and for computing the

figure and shape of the earth. It consists of a scheme
of triangles whose sides' are from 10 to 100 miles in

length. The angles are read with an instrument whose
microscopes read to the tenth part of a second. The
three angles of each triangle must add up to within one
second of 180 degrees, plus the spherical excess, and the

side equations must be so that the average absolute

error must be less than 0.4 of a second before the field-

work is accepted by the geodesist's office. Base lines

of from six lo ten miles long are measured approximately

every 150 miles apart to check up the accuracy of the

distances. In measuring a base line an invar tape is

used, and great care is taken throughout the operation

to insure such accuracy that the probable error in the

mean of the several measurements shall not be more
than about one part in 2,000,000.

Laplace points are also put in about 150 miles apart.
_

In the adjustment of the triangulation they take out

what is called the "twist" of the scheme. They consist

of geodetic triangulation stations at which precise obser-

vations for longitude, and azimuth to another station,

have been made.

The Geodetic Survey of Canada has now a scheme

of primarv triangulation extending over most of the

settled parts of the Eastern Provinces. The data con-

cerning the stations which have been adjusted and com-

puted may be had by applying to the Survey.

Secondary triangulation is based upon the primary

work, and is generally less accurate than primary work.

The sides of the triangles are from 2 to 10 miles long,

and the triangles are required to have an average closure

of between 2 and 3 seconds. An instrument reading to

10 seconds is generally used.

Tertiary is the least accurate of standard triangu-

lation. The length of the sides of the triangles are from

one-quarter of a mile to ten miles. It is based on sec-

ondary or primary work, and is used to control to|X>-

graphical f)oints in map-making on small scales. The
triangles are required to have an average closure of from

4 to 5 seconds, .^n instrument reading to 10 seconds

is generally used upon this class of work, although very

good results can be got out of a minute instrument. In

191 1, while working on the survey of the international

boundary line between Canada and Alaska, the writer

observed 18 triangles with a four-inch Bergcr theodolite

reading to single minutes, and had an average closing

error of 4 seconds per triangle.
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In city surveying, it is the general practice to do

the triangulation with a primary instrument and with

primary methods. A main scheme of quadrilaterals is

laid out over the district, and from the main stations a

large number of intersections are observed, so that

altogether there are located about two stations per

square mile. These triangulation stations now form the

main control points. The error in distance between any

two of them should be less than one inch. All other

lineal measurements in connection with the making of

the map are tied on to them and the closing error of

the line distributed along the line between starting and

closing stations.

The adjusting of the triangulation should only be

done by a competent adjusting staff, such as is engaged

in that work under the direction of Maxwell Tobey,

geodesist, and assistant superintendent of the Geodetic

Survey of Canada. The methods used are those known
as the "Method of Conditions" and the "Method of

Co-ordinates."

The city triangulation schemes would be based upon

the Primary Triangulation of Canada.
Traverses.—Parallel main traverse lines should be

run about half a mile apart in the centre of the city

where it is thickly built up, and about a mile apart in

the outlying districts where it is thinly settled. They
should be tied in to triangulation stations about every

half-mile. In computing the traverse, the bearings of

the courses are first adjusted so as to give as nearly as

possible the true astronomical azimuth at each station.

The latitude and departures are then computed and ad-

justed between the triangulation stations.

After the main lines have been surveyed, secondary

lines are run down parallel streets, starting from, and

ending on, a station of the main lines. They should be

run just as accurately, adjusted and computed in the

same manner as the main lines, but are not necessarily

connected directly with triangulation stations.

Too much cannot be said alsout the importance of

leaving permanent survey marks. It very often happens

that an expensive survey is made and no permanent
marks left upon the ground. The only results of such

a survey would be its plan or map. In many cases when
certain information is wanted and it becomes necessary

to make another survey, a large amount of rcsurveying

is done that would not have had to be done if permanent

marks had been left on the original survey. It is, there-

fore, advisable that permanent marks, consisting of a

small bronze bolt, ^ in. in diameter and 3 in. long, be

put in the concrete sidewalk at every street corner to

mark the traverse stations.

The traverse routes should be so chosen as to give

the shortest length of traverse line. What is meant by

this is explained by Fig. i. In most cities the blocks are

oblong, as in the sketch. In this case the main traverse

lines should be east and west and the secondary north

and south.

North
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aiul when laUcn forward to the next station and the

telescope {X)inted to the back picket in the direct posi-

tion, the \erniers will read the correct bearing ol the

course.

1 he chaining should be done with a loo-foot steel

tape. When chaining on slopes the angle of slope

should be measured and a correction applied. A ther-

mometer should be attached to the end of the chain and
a reading taken at the end of each course.

Precise Levelling.—It is the general practice in city

sur\'eying to cover the city with a scheme of geodetic

or precise levels. In planning this scheme reference

should be had not only to the needs of the topographic
survey, but also to the future needs of the city's engineer-
ing department. In the Cincinnati survey the precise

bench-marks averaged 2.2 per square mile. In St. Louis
they averaged 12. per square mile. For Canadian cities,

if a circuit were run around the outside of the district,

p.uallel lines one mile apart run across it, and connected
with the circuit at both ends, and bench-marks set at

every half-mile, it would make a very complete system.

Secondary or engineering levels would then be run
between precise bench-marks and over the traverse lines,

thus making every traverse station a bench-mark. .'Ml

existing bench-marks of the city engineering department
would be tied in by these secondary levels and their

elevations reduced to mean sea level. Extra bench-
marks would also be put in where it seemed necessary.

As the geodetic survey of Canada now has one or more
geodetic bench-marks situated in nearly every city of

Canada, the geodetic level scheme for each city would
be based upon them.

Topography.—In the business section of the city the

topography would be taken by a chained surA'ey, similar

to the English system of tieing in buildings. For the

residential district, parks, open ground and outlying
districts the plane-table would be used. Street lines,

road fences, and sidewalks would be tied in when the
traverse was chained. Contours would be shown at five-

foot intervals or less.

In General.—"It should be borne in mind that in

all kinds of survey work a reasonable degree of accuracy
is a desideratum, but that no refinements should be in-

troduced that would add greatly to the cost without in-

creasing the practical value of the work."

METHOD OF KEEPIXG SUR^'EY RECORDS.

Field Notes, Abstracts, Adjustments, Computations
and Results.—All the foregoing, excepting field notes,
would be so systematized as to go on forms printed upon
loose-leaf paper, 8^4 by 11 inches in size, having seven
holes punched in the left side so as to fit into the Mc.M.
Multiple-ring loose-leaf book. This is the size that has
been found to be most convenient for general purposes,
and is the size of the ordinary business letter sheet. If

it is absolutely necessary to have a form larger than
this it would be made in a multiple of this size and when
ready for filing folded down to size. Field notes would
be kept in a specially devised loose-leaf book of a con-
venient .size, with an arrangement for keeping the leaves
flat against the covers. Loose leaves would be used to
facilitate the system of the instrument-man, leaving
each day's notes at the office for the stenographer to
make the abstracts, which would be double-checked and
a copy sent to the head office upon the completion of

each line.

In connection with the loose-leaf system there would
be a card index, through which, by a system of cross-

reference, each particular kind of information could be

approached from a number of different directions.

Keeping Track of Costs.—The chief of each field

party would be required to turn in a weekly report,

stating the details of each day's work. Each member
of the office staff would be required to turn in a similar

statement. From these statements the efficiency of each

member of the staff would be determined and the detailed

cost of each part of the work. From tliese records, after

one city had been surveyed, it would be easy to make
a very accurate estimate of the cost of making a map
of any other city.

(Concluded in next week's issue.)

FOURTH DIVISIONAL CYCLIST CORPS.

No. 2 Detachment Corps of Guides, with headquarters
at the Toronto armories, commenced this week to recruit

for a Fourth Divisional Cyclist Corps, for active overseas

service.

As the work of this corps will consist largely of maf»-

ping, reconnaissance, and preparing reports, men with

engineering training are especially wanted.
Definite information may be obtained by writing

Lieut. C. S. McKee, O.C. of the Detachment, or by in-

terviewing any of the officers or N.C.O. 's at the orderly

rooms in the armories, Tuesday or Thursday nights.

RECENT PROGRESS IN Vl^ATER SUPPLY.

(Continued from page 106.)

eral appreciation of the importance of preliminary sedi-

mentation. Filters of this type follow closely the lines of

the original modern rapid sand filter built in 1902 at

Little Falls, N.J.
Although it is well understood that any filter has a

definite limit of capacity beyond which it is not possible to

obtain properly purified water, there is a tendency to

operate filters at greater than the safe rates, as the plants

are outgrown. The danger in this practice is evident, and
engineers generally are disposed to discourage it, and, so

far as possible, to anticipate it by designing with ample
provision for the needs of the immediate future, and with
special attention to facility for making future additions.

There is a further tendency of late to over-confidence

in filtration as a preventative of disease, and a disposition

in some quarters to attempt the filtration of badly polluted

waters in preference to more expensive and distant

sources. The engineer and the sanitarian of to-day are

engaged in pointing out that it is not a proper or wise
policy to overload water filters from a poor source of

supply.

The field of possible application of water filtration,

and more particularly rapid sand filtration, is to-day a

very broad one. Practically all river and large lake muni-
cipal water supplies, and many impounded supplies, must
eventually be filtered to meet the rapidly spreading demand
for uniformly safe and potable water. We may reasonably
look forward to an extension of water filtration during the

next decade fully as great as the growth from 1904
to 1914.

(ConcJudctl ill next zi'cek's isaiic.)

At the ninth annual meeting of the Nova Scotia

Society of Engineers, held at Halifax recently, the follow-

ing officers were elected : President, J. L. Allan ; first

vice-president, W. S. Ayars ; second vice-president, ,\. J.

Barnes; secretary-treasurer, D. McD. Campbell.
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General View of Tank Before Erection of Weir Walls; Roof Partly Constructed.

TANKS FOR TEMPORARY STORAGE OF STORM WATER
DESIGN AND METHODS OF CONSTRUCTION OF STAND-BY TANKS
IN HIGH PARK, TORONTO— AFTER DETRITUS HAS SETTLED,
ONLY VERY DILUTE WATER PASSES INTO LAKE ONTARIO.

By W. G.

District Engineer, Sewer Section,

Cameron,
Department of Works, Toronto.

THE West Toronto stand-by tanks are situated at

the southwest corner of Keele and Bloor Streets in

High Park. The site, which is the lowest ground
in this neighborhood, is the bed of a small creek

which crosses Keele Street immediately south of Bloor.

The creek is nearly dry except for storm and spring flood

water. Keele Street is filled in across this creek and is

about 15 feet above the level of the present top of the

tanks. -A culvert is provided where the fill was made, and
now discharges into the storm water outlet. The site was
covered with small trees and scrub and in places was wet
and boggy.

Purpose.—The object of the tanks is to provide a

temporar}' storage for flood and storm water. If the

volume of water is not too great for the capacity of the

tanks, it is discharged gradually into the 18-inch sewer
under the large storm water outlet, and carried eventually

to the disposal works at Morley Avenue. In this way, the

18-inch sewer is not overtaxed. If, on the other hand,
the volume of water is too great for the capacity of the

tanks, the water is discharged over weirs into the large

storm water outlet. But the tanks provide a temporary
resting place where the detritus, etc., may settle, and,
when the storm has subsided, may be drawn off in the

18-inch sewer, while only the very dilute water from the

surface passes directly to the lake without being treated.

Inlets.—The inlet sewers were all built before the
tanks were constructed, so the tanks formed the missing
link in the system. There were three of these inlets, one
from the west ("A" on Plan, page 115), one from the east
(B) along Bloor Street, and one from the north (C) along
Keele Street. C is a 7' 6" x 8' o" concrete culvert, into

which flows a 9' 3" circular sewer. The sewer from the

west enters the tanks at the north end of the west side as
a 6' 9" X 5' culvert. The sewerage flows into a channel
across the north end of the tanks, contained on the one
side by the north wall of the tanks, and on the other by
a weir. By means of this weir, the dry flow is guided into

a small 2' x 2' 2" culvert, which discharges into an exist-

ing 3-ft. sewer down Keele Street. The storm water
passes over the weir into the tanks. If, at some future
time, the 3-ft. sewer down Keele Street be overcharged,
a i2-in. pipe sewer is provided, and, by opening a valve

Form Work in Place on Columns.
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at llic weir, the surplus can be draw n oil through it into

the iS-in. pipe under the storm water outlet.

The sewer from the east (B), 2' 6" x 3' 9", egg-

shaped, enters the east side north of the centre. This

sewer does not really empty into the tanks proper, but

into the upper part of the storm water outlet. Even here,

it is only overllow storm water that is discharged. The

dry flow discharges into the 3-ft. sewer down Keele Street

over which this Bloor east sewer passes.

The sewer from the north (C) enters the tanks at the

east end of the north side. One hundred and seventy-three

feet north of the tanks a weir is provided in this sewer,

bv which the dry flow is diverted into a 24-in. tile pipe

sewer (D) leading directly into the end of the 3-ft. sewer

down Keele Street. This 24-in. pipe also has an overflow

provided, in case at any time the 3-ft. sewer should be

overcharged and back up into the 24-in. pipe. This over-

flow leads indirectly into the i8-in. sewer under the large

outlet. The storm water from the north flows over the

weir in C, 173 ft. north of the tanks, and into the tanks.

Thus we see that the dry flow from all these inlets does

not reach the tanks, but all discharges into the 3-ft. sewer

down Kccle Street on its way to the disposal works, while

only tlie storm water linds its way into the tanks.

I)esij<n.—The tanks are rectangular in shape, and '

proximately 104' x 112'. On the north side, there

channel 3.5 ft. deep for the Bloor West sewer, separ. _cl

from the tanks by a weir. This has been described above.

On the east side, there is a section 4 ft. deep, separated

from the tanks by a weir, and from the storm water outlet

by another weir. Into the north end of this section the

storm water from the Keele Street sewer flows. The
bottom of this section is graded back towards the north

end and a gate valve is provided which can be opened to

allow the section to drain into the storm water outlet.

The tanks proper are divided into three parts, 17% ft.

deep, by two weirs. These three divisions are graded to-

wards the east side, where they drain into an open i8-in.

sludge channel, which runs south along the inner side of

the east wall and into the i8-in. tile sewer under the storm

water outlet. A gate valve is provided at the end of the

sludge channel at the south wall.

Eight rows of columns were used in the tanks for the

support of the roof. These columns were 18 ins. square
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in section, 12 ft. apart centre to centre in the rows and

i2-ft. centres between the rows. Two rows of cokimns
'•'>. in each tank, and one was used as

lort for each of the two dividing weirs.

1 1.
' tanks were built of all reinforced

1:2:4 concrete. The walls were 12 ins.

wide at the top, while the sides had a

batter i in 7.6. The width at the bottom

slab were

varied as the heigiu. There was a footing provided

2 ft. deep and 12 ft. 6 in. wide. The reinforcing

for the walls was i-in. square twisted rods on the outside

and 0.30 sq. in. mesh on the inside. The columns were

reinforced with i}'i, sq. in. twisted rods, 2 ft. 6 in. long,

as dowels into the footing, one x)^ sq. in. rod in each

corner, the full height of the column, and y% in. round

hoops, spaced vertically 12 in. apart. The roof slab was

6 in. thick, reinforced with 0.5 sq. in. mesh.

The girders and beams for the support of the roof

16" and 21'

were reinforced with i sq. in. twisted rods and ^/^

3ouT/-f

PLAN of TANK,
Showing In»

lets, Etc.

^ei^l-e: 3-r.

X 16" respectively. They

H in-

square twisted rods, respectively. The weir walls between

the tanks were Sj^ ft. high, 9 in. wide at the top, and 18

in. wide at the bottom, reinforced with ^ sq. in. bars.

The Tanks in Action.—During a storm, the water

from the north and west passes over weirs and into

the tanks proper, filling the three divisions suc-

cessively. When all three and section F are full, the

water flows back over the weir into the storm water

outlet. But this will happen only during a

PTAf. heavy storm, and then only when the storm

is at its height. Therefore, the water pass-

ing out through the storm water outlet will

be practically pure storm water.

In each of the three tanks there

is a floating arm situated at the

east wall, which floats on the sur-

face of the water and collects any

floating material and carries it into

the i8-in. pipe under the storm

water outlet. When the storm has

subsided the tanks are drained,

gradually, through the sludge chan-

nel into the i8-in. pipe. There is a

water connection provided at the

west end of each tank so that the

tank may be flushed clean after it

has been in use.

/=!^n^r a.-^^-r^ /L,:-^/

I '.»* -"WlWiltJlw

Section E=E.

^^^tf^e'ir/^ i:fr-ai.fva^A ^r^^jf-^

£?ir}*-^^r .Tf-..

Section L=L.
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Construction.—The ground on wliicli the tanks were
built was coniposed of sand on the surface, which, in small

areas, formed pockets. The sub-soil was hard, blue clay.

Trenches were excavated by hand for the west wall and
the western third of the north wall. This part was built

first because the ground was low at this side. When these

walls were built, and the concrete sulliciently hardened,
thev were used as a rclaininu; wall tdr llic next material

probably be sodded and planted and possibly tennis courts,

etc., arranged on it, making in all a very great improve-
ment to this corner of High Park.

Costs.—The costs in hours' labor of this work, as

kept by S. K. Ireland, B.Sc, resident engineer, are as
follows :

—

Excavation.—7,000 cu. yds., 10,472 hours, or 1.496
hours per cu. yd.

Placing Steel.—102 tons, 1,471 hours,

or 14.4 hours per ton. (85 tons of this

were bars and 17 tons mesh.)
Building and Erecting Forms.—52,899

sq. ft. took 8,452 hours, or 0.159 hours
per sq. ft.

Removing Forms.—0.0202 hours per

sq. ft.

Mixing and Placing Concrete.—2,522
cu. yds. took 6,394 hours, or 2.53 hours

per sq. yd.

Foreman, 1,658 hours; engineer, 1,098
hours; fireman, 1,133 hours; team, 107
hours: single horse, 451 hours.

IMPERIAL OIL BUILDING.

View of Ground and Start of Work, Showing North and West Walls.

excavated. This material was taken from inside the lines

of the future tanks and next the west wall. Enough ma-
terial was taken out to allow for the erection of a portion

of the tanks on the west side. This portion was com-
pleted floor, columns, weirs and roof and allowed to

harden. The next material excavated was then deposited

on the roof of this finished portion. Thus the excavation

and construction proceeded alternately

from the west. A clam shell was used for

excavating in the body of the tanks, but
the clay was so hard that the most of it

had to be loosened with picks oefore it

could be gathered up by the clam.

The concrete was all mixed b\- a drum
mixer very conveniently placed at the top

of the bank on Keele .Street. The concrete

was dumped into a chute which carried it

down the bank to a funnel-shaped box.

This box was provided with a slat which
slid up and down so that concrete could

be taken away in any quantity desired.

The concrete was carried in concrete bar-

rows along runways so built that they

might be easily taken down and erected

quickly again wherever they were required.

The forms used for the concrete were all

of the panel type. They were built near

the work and the same sections used

several times. Thev were made before the

work was begun and grouped according to

size, so that when they were needed they

could be easily found and quickly erected,

fastened together with bolts.

When the work on the tanks was completed the soil

which had been excavated, and soil brought from other

work, was spread over the top of the tanks to a depth of

four feet. The bank on Keele Street was extended and

neatly graded, and an easy slope was made from Bloor

Street. The ground over the tanks and the slopes will

At the corner of Church and Court
Streets, Toronto, directly opposite to The.

Canadian Engineer building, foundations
are being prepared for a large office building for the

Imperial Oil Company, Limited. The structure will be of

steel, with fireproofing throughout the seven stories and
basement, all doors and trim being of steel, and windows
of wired glass. The general contractors are Thompson,
.Starrett Company, 51 Wall Street, New York. Sub-
contracts have been let as follows : .Structural steel, Do-

Showing Method of Disposing of Excavated Material ; Also

Runways for Concrete Barrows.

They were minion Bridge Company ; masonry and fireproofing,

Witchall & Sons; steel casements and trim, A. B. Ormsby
Company; excavation, Ed. Corner, Toronto. The archi-

tects are Clinton &• Russell, f)ominion Bank Building,

Toronto. The resident architect is Jas. L. Havill. The
excavating contractor is using a revolving "Thew"
shovel, ys yard capacity, and a 12-h.p. "Beatty" hoisting

engine, supplied by H. ^^. Pctrie, Limited..



January 6, 191(1. THE CANADIAN ENGINEER 117

>llllllllllllllllllllllillllllllllllllllllllllllllllllllllllllllllilllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllU

Editorial
nilllllllUIMIMIUIIIIIMIMIMIMIMIIIIIIIIIMIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIt;

THE KING HONORS CANADIAN ENGINEERS.

Engineers throughout Canada read the list of New
Year's honors with the utmost satisfaction. It is doubtful

whether the engineering profession in Canada has received

ever before such marked recognition by our King. It

augurs well for the prestige and social standing of en-

gineers in this country, that three honors went to members
of their profession, while the law received two; medicine,

one ; and finance, two.

Sir John Kennedy and Sir Collingwood Schreiber

are the deans of Canadian engineering. Their knight-

hood is fully merited, and has been heartily acclaimed

l)y all who are acquainted with them or their work.

To General Sir .\lexander Bertram, The Canadian

Engineer also proffers congratulations upon his well-

deserved recognition. His long and distinguished career

as an engineer and military officer is widely known. His

capable organization of the shell-making facilities of

Canada, which resulted in a saving of millions of pounds

sterling to the British Government, in itself earned the

lionor he has received.

Moreover, tile endorsation ol the hydro idea makes
certain the construction of the proposed power plant al

Niagara Falls. This will involve the early expenditure

of $10,000,000. Another $5,000,000 or $(),ooo,ooo will

be added soon after the expenditure of the first ten mil-

lions, and eventually, including all expenditures, a

600,000 h.p. plant :it the Falls will cost approximately

$35,000,000.

At 6 per cent, interest, 5 per cent, depreciation, and

2 per cent, operating and maintenance cost (which

figures are undoubtedly more than liberal), the annual

charges on the $35,000,000 plant would be $4,550,000.
But it would require fully $24,000,000 annual expendi-

ture to produce that amount of power with the most
modern kind of a steam plant. It is evident, therefore,

that the hydro-electric resources at the Falls are well

worth the proposed development by the Province, as they

will yield power at a cost of less than $8 per h.p. per

annum, compared with fully $40 for a steam plant. And
while the price of coal continuously increases, Niagara
will always flow as cheaply as ever.

ONTARIO'S HYDRO=RADIALS.

Citizens of Toronto went to the polls last Saturday,

and by their votes on a hydro-radial by-law, they gave

engineers, contractors and machinery manufacturers the

finest possible sort of a New Year's present. By a vote

of nearly four to one, the taxpayers endorsed the agree-

ment under which the city guarantees about $4,000,000

of the bonds of the proposed Toronto-London radial

railway, to be constructed and operated by Ontario's

Hydro-Electric Power Commission. By this vote the

people of Toronto helped to make possible the future

expenditure of upwards of one hundred million dollars

on public improvements within the Province.

The Toronto vote was mostly a \otc of confidence

in Sir Adam Beck, and an expression of lack of confi-

dence in the city council's ability to deal satisfactorily

with Toronto's transportation problems. The average

citizen probably knew little or nothing, and cared less,

about the by-law which he ratified. He thought that

private corporate interests opposed the by-law ; therefore

he was in favor of it. He felt that radial running rights

through Toronto's streets are no more dangerous to

his interests than are councilmanic vacillation and sub-

dividers' schemes. But in voting for the by-law, he

tied another string on corporate ownership of public

utilities, and, incidentally, promised engineers and con-

tractors in Ontario an immense amount of work within

the next decade.

Not only will $14,000,000 be expended on the To-
ronto-London line, but that line will eventuallv be ex-

tended to Sarnia. Then there will be a line northward
from Toronto, running to Collingwood, Barrie and
Orillia, and possibly to Owen Sound. An easterly radial

will run along the shore of Lake Ontario, right through
to Montreal. .\\\ of these trunk lines will have feeder

lines connecting the smaller towns.

THE RAILROAD SITUATION.

The net earnings of the Canadian Pacific Railway

in November made a new high record for that month.

The total was 140 per cent, ahead of November, 1914,

30 per cent, ahead of 1913, and 100 per cent, ahead of

1909. The gross earnings were the best for any No-
vember with one exception. Next to. bank clearings

(which in 191 5 exceeded $900,000,000, the highest on
record), there are probably no more important statistics

than the earnings of the Canadian Pacific and other rail-

ways. These earnings at present indicate better busi-

ness conditions and heavier traffic.

Those engaged in the manufacture of railroad equip-

ment have had comparatively few orders during the

past two years. Practically no renewals of rolling stock

have been made, and but little new work has been under-

taken. Considerable depreciation of locomotives, cars

and general equipment has gone on without replacement.

This means that work is accumulating which will require

vears to overtake when the war is over.

.\t present, many of the plants making rolling stock

are busy with foreign orders. The latest to be received

is for 2,000 freight cars, placed by the French govern-

ment with the Canadian Car and Foundry Co. for de-

livery as rapidly as possible. Aside from such foreign

orders, there are indications that domestic orders for

equipment will be placed more frequently in the near

future. Only last week, for example, a substantial order

for locomotives for the National Transcontinental Rail-

wav was given by the Dominion government. This was
made necessary by the prospect of a great wheat traffic,

estimated at approximately 100 cars a day.

.'\s to new construction of railroad mileage, ter-

minals, improvements, etc., its extent depends largely on

money market conditions. These have improved materially

dining tlio past few months. Confidence in Canadian
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securilies i.s unsli;ikc;i, and I he railioaiU slioultl be ablt-

I Ills year to borrow lunds for necessary work. Canada
sold last year no less than $235,000,000 of its securities

in tlie various money markets, and that sum does nol

include the $100,000,000 raised as a war loan within

our own borders. Of the total loans raised by Canadian
enterprises last year, over $33,000,000 was for our rail-

roads. The amount that will be obtained by these bor-

rowers during 1916 probably will be considerably greater.

CANADIAN HIGHWAY
NOTES RliOARDINd

DHVKI.Ol'MhNT; WITH
ONTARIO'S SYSTEM.*

EDITORIAL INDEX.

I'he uidex to articles in the editorial section of The
CaiHuiia)i Engineer for the half-year ending December 31,
191 5, will be printed within the next few weeks, and
distributed to all subscribers as an integral part of one of
our regular issues.

CREOSOTED WOOD BLOCK ON GRADES.

By Andrew F. Macallum, C.E.
City F.nKiiiccr of Hamilton, Ont.

WHEN the grade of a proposed pavement exceeds

3%, the question of a suitable pavement becomes
of interest. With the variability of conditions
to be met with, due to our climatic changes, the

limits of most paving material are soon reached, so far as
the inclination of grade is concerned.

The writer inquired from twenty-four cities to ascer-
tain the maximum grades upon which creosoted wood
block h.id been laid, and found that one city had laid this

pavement on a 7% grade, one on 6%, three on 5% and
five on ^% grades. The five to seven per cent, pavements
were laid under two methods, described below.

The first method used was probably originated in

Hamilton, and was used on upper James Street in 1909,
on a 5 '3% grade. Each block had a piece j4 inch in

width and i inch in depth cut off one face, so that while
the blocks were laid 'at right angles to the centre line of

the street, there was a space of '2 inch between each row
of blocks, giving a good foothold for the horse-drawn
traffic. These blocks were pitch-filled, and the cross grade
of the street was sulficient to drain out any water.

The same method was adopted on King Street West,
in Hamilton, the same year, and both of these pavements
have been very successful in meeting the conditions of

heavy traffic on two of our main streets, without a cent

being spent for repairs or renewals since being laid.

The special cutting of the blocks in the manner de-

scribed added considerably to the cost of the pavement,
and to obviate this, the ordinary rectangular block has
been used, with creosoted laths ?-^" x 2" laid between
each cross row of blocks. This is pitch-filled as in the first

method, and has been just as successful. A part of John
-Street .South and Bay -Street, each having a grade of

5/^%! paved in 1911, were laid in this manner, and are

to-day in first-class condition and subjected to fairly heavy
traffic.

On RavensclifTe .\venue, a purely residential street,

having 5% grade, blocks spaced in this manner were laid.

The reason for putting such a pavement on a street like

this, having very little traffic, was that the residents in-

sisted on a creosoted wood block pavement because of its

quietness, and it has fulfilled expectations.

By Williani A. McLean,
Chief EuguuMT cil lllKli":iys, I'rovuicc ol Ontario.

R()AI)S in nearly all countries fall naturally into a

ihrce-fold classification. There are main roads

liciwciii towns and cities; leading farm roads,

radiating from market centres and shipping points;

and local feeders. The natural features of any country

have been very largely a controlling factor as to which of

these classes of roads has received first or chief attention.

Thus, in the province of British Columbia, traversed

by the Rocky Mountains, with rich resources of mine and

forest, and fertile valleys, the construction of main roads

connecting' centres of population has been a feature of the

provincial road programme, and upon which there has

been a recent expenditure of about $15,000,000.

The prairie provinces of Saskatchewan, .Mberta and
Manitoba, principally agricultural, with very little road

material, constitute an area of earth roads, in which the

grader and log-drag are to the present, the principal

means of improvement. Nevertheless, their expenditure

on roads and bridges amoimts to about $2,500,000
annually.

The province of Quebec is making a special expendi-

ture of $15,000,000 on road improvement. A portion is

being granted as aid to municipal construction ; but in

addition a considerable mileage of main road has been
built which will provide an excellent tourist route when
completed in 1916. The trunk of this main road system

under the control of the province will consist of a route

from the American boundary near Plattsburgh, in New
York State, thence northerly to Montreal, 39 miles ; a

road on the north shore of the St. I-awrence easterly to

Quebec city, 151 miles (in addition to 27 miles of existing

toll roads) ; and from Quebec citv south to the American
border near Jackman, in Maine, 92 miles. Another
"regional" road reaches from Sherbrooke to Derby Line

on the American border, a distance of about 33 miles. On
this system of trunk roads nearly $4,000,000 has been

spent by the province. A feature of the Quebec aid to

municipal construction is that, for substantial improve-

ment, the government will provide the necessary capital,

charging the municipality 2 per cent, for a term of 41

years, the government meeting the balance of interest and
sinking fund. About S8,000,000 has been thus appro-

priated to the present time.

Prince Edward Island, the small island province in

the Gulf of St. Lawrence, a fertile agricultural area, is

principally concerned with earth roads, all under the

the direction of a provincial department.
New Brunswick is not as yet making any large ex-

penditure, although the beneficial influence of a provincial

office is being exerted.

Nova Scotia, the most easterly province facing the

Atlantic, is not in a position to make large expenditure
;

but the Provincial Department of Public Roads is making
excellent progress with the outlay available, more especi-

ally in the improvement of earth roads, and the construc-

tion of permanent culverts and bridges. The expenditure

*.-\bstract from paper read December 14th. igis, at

Worcester, Mass., before the First Intcniationnl Road Con-
gress. This cong-ress was organized by the Worcester
Chamber of Commerce. The registration exceeded 600, in-

cluding the following Canadians: Controller Cote, Montreal;
U. H. Dandurand, Montreal; J. W. Levcsquc, M.L..\., Mont-
real ; G. A. McNamce. Montreal.
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of thai departmenl for the year just eiuUd will amount to

about $035,000.
Southern Ontario is probabl) the most densely occu-

pied portion of Canada. In an area of about 40,000 square

miles there is a population of aboiU j, 500,000, one-hall of

which is urban and the other half rural. In this southern

and populous portion, which is chiefiy agricultural, there

is a municipal expenditure on roads in the open country

of over $2,000,000 annually, while the province spends

about $1,500,000 annually through ihiee road depart-

ments, viz. :
—

(i) Subsidies to leading market and main roads in

Southern Ontario.

(2) Trunk colonization roads in Northern Ontario.

(3) Minor colonization roads in Northern Ontario.

No part of Canada is so favorably placed to finance

the construction of main roads as are some portions of

the United States—such States as Massachusetts, Con-

necticut, or New Jersey, which are small in area and con-

tain numerous cities which contribute to the cost of

rural roads.

Unfortunately, and unlike the United States, the

system of municipal organization has been such that all

cities are wholly separated from the county and township

in which they lie, and have escaped taxation for roads In

the open country. This is a situation which recent legisla-

tion has sought to correct ; and provision is being made
that all cities shall contribute to the cost of leading roads

within a reasonable suburban area.

County Roads in Ontario.—Owing to the strong

claims of agricultural communities, the assistance given

by the Provincial Government to the better class of con-

struction has been largely confined to the subsidizing of

leading market roads in each county.

Ontario has both township and county organization.

Township councils are elected annually, and the reeve of

each township is, ex-ofticio, a member of the county

council. Township councils, primarily, have control of all

the roads, but a county council is authorized to take over

from the townships the leading roads of the county for

construction and maintenance. To this system of coimt}

roads the Provincial Government has heretofore paid one-

third of construction cost only, but under legislation of

the past year, will hereafter contribute 40 per cent, of the

cost of construction, and 20 per cent, of the cost of main-
tenance. More than half of the counties are operating

under this plan with good results, and to the present time,

a total of over $6,000,000 has been spent on the work. It

is anticipated that, under the increased subsidy, the re-

mainder of the province will adopt county systems in a

very short time.

Counties ha\e been somewhat lethargic in adopting
the plan; but, having adopted it, and having completed a

reasonable mileage, the method becomes very popular.

Property along the improved roads has shown decided

advance in value varying with local conditions from 10

per cent, to 40 per cent.

A favorable feature of the Ontario scheme is that, by
requiring counties, at the initial stage, to adopt a com-
prehensive plan of roads, a well connected system finally

results. The work is very often, to meet local feeling,

carried on in short sections, but each successive coimcil

has a permanent plan on which to work. Construction is

carried on under an engineer or superintendent appointed
by the county council, but all is subject to the regulation

and inspection of the Provincial Department of Highways.
The provincial subsidy is paid annually as the work
progresses.

.\ county council may issue 30-year bonds to meet its

own proportion of the cost, but more commonly they ex-

tend over a 20-year period. Very seldom are bonds issued

for the entire expenditure of the county, but as a rule to

supplement a sinn raised by uniform county rate. A
count) system w'ill usually include about 200 miles, or 15

per cent, of the total road mileage within the county. The
completion of such a system may extend over eight or ten

years, so that by levying a county rate of 1.5 mills

annually on the assessment during that period, only a

very small municipal debt need accrue. Largely for

moderate farm traffic, the county roads are of gravel or

broken stone, single track, except near cities, and cost

from $2,000 to $8,000 per mile, according to local con-

ditions and traffic.

.Assuming a county system constructed in ten years

at a cost of $800,000 with a county assessment of

$30,000,000, the annual arrangement would be as follows

:

Direct levy of i '; mills on assessment $45,000
Bond issue 3,000

Provincial subsid\', 40 per cent, of total 32,000

Total $So,ooo

Thus, in ten years (with proper maintenance addi-

tional), the county would have an asset in road improve-
ment of $800,000, with a bond issue of only $30,000. To
the latter is commonly added the cost of heavy machinery
and permanent bridges, on which the provincial subsidy

of 40 per cent, is also paid.

Bond issues for county roads are met on the annuity
instalment plan. The sinking fund method has been al-

most entirely abandoned in the province for all municipal

purposes, except in the larger cities. The annuity instal-

ment plan is cheaper than the sinking fund method, safer,

more easily managed, and is distinctly in favor with
financiers, municipal authorities and the public.

Main Roads in Ontario.—Under new legislation for

main roads, more attention will be given to the develop-

ment of certain trunk lines, for which there is a growing
demand. The chief of these connects Ottawa on the east

with Windsor on the west, a distance of about 500 miles.

A branch, 75 miles in length, would reach to the Quebec
boundary, and another would reach from Hamilton to

Niagara Falls, 45 miles. This road would form an ideal

trunk highway for' the southern part of the province. It

would link up the various systems of county roads, would
pass through the most important cities, and within 12

miles on each side is about one-half the population of the

pro\'ince. Some portions of this road are now in fair con-
dition, with good gravel or broken stone surface.

The most important section, about 36 miles between
Toronto and Hamilton, is now being constructed in a
thoroughly substantial manner, with 4 per cent, grades,
2h feet between shoulders, and an 18-foot concrete pave-
ment. The cost of the Toronto-Hamilton section will' be
about $850,000 and the work is to be completed in 1916.

Other portions of the highway are now under considera-
tion, and the linking up of the entire trunk highway is, it

is believed, merely a matter of reasonable growth.
The system of management provided for this class of

road is somewhat unique. A main road is interpreted as

one running directly between two important terminal
points or cities, and therefore passing through a series of

municipalities. -Such series of municipalities may petition

the Provincial Government for construction as a main
road ; and if the petition is endorsed by three-quarters of

the muni<ipalities nffected, the government will make sur-
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VL-ys, pii'piiri' spicilic.ilion-, aiul .ippoiiit ;i .spt'(i;il board ol

conirnissioncrs lo lake cliarge of the coiisiruclion and
maiiiicnance ol tlie road. I'liu cost in the engineer's re-

port is apportioned among the mimicipahties beneliled (the

government contributing 40 per cent., but not exceeding

$4,o<.K)), and the commissioners then act as a Court ol

Revision to hear the appeal of any parties affected as to

the engineer's apportionment of the cost. The commis-

sion may confirm or revise the engineer's report, and

unless a majority of the municipalities then petition against

the work, the commission is authorized to proceed with

construction.

The plan of having a local commission for each niuin

road is no doubt a weakness in one respect, in that one

permanent commission for the entire province would

bring greater experience and knowledge to each successive

work ; but on the other hand, the municipalities pay the

greater part of the cost; they have, and are accustomed

to, good local self-government; and "taxation without

representation" is a principle which it is desirable to avoid.

When a series of main roads is constructed, the tendency

will no doubt be to unite them for maintenance under one

commission. The plan was adopted at the last session of

the Legislature and its efficiency has yet to be proven.

Classification in Ontario.—It will thus be seen that, in

the Province of Ontario, the three-fold classification, so

desirable in road organization, is being evolved in the

follow'ing manner:

—

(i) Main or trunk roads to be constructed and main-

tained by special commissions, under the guidance of the

Provincial Highway Department; the cost to be met by

provincial subsidy, and direct assessment on cities and

rural municipalities benefited.

(2) Leading market roads, to be under the control of

county councils, subject to regulations and inspection of

the provincial authorities ; the cost to be met by provincial

subsidy, and county levy on all assessable property within

the county, including cities.

(3) Local feeders, to be under the control of township

councils, and at the expense of the township.

What Will Good Roads Mean?—In Canada there are

about 250,000 miles of graded roads. Road-building is a

slow process, and in most countries it has taken half a

century at least to provide adequate surface construction.

The immediate objective in Canada should be to substanti-

ally improve about 16 per cent, of the total, or 40,000

miles, which would carry the more concentrated market

or farm traffic, while about 2 per cent, additional, or 5,000

miles, should be treated in a trunk road basis. The total

cost might be approximately estimated at $250,000,000,

of which about $50,000,000 has been spent. The ideal of

expenditure to be aimed at for this work of main road im-

provement (apart from small repairs and maintenance)

would be about $15,000,000 annually, or $2 per capita of

population.

This is a substantial programme for a population of

7,500,000 people. It indicates one reason why road-

building is a slow process—because it is expensive. It

means that the work must be distributed over a term of

years and among various administrative organizations.

But, so distributed, and looked at from the standpoint of

annual ability, the undertaking becomes less difficult. The
total twenty-year cost of maintaining a household does not

worry the average man—if his annual income is sufficient

for the annual outlay. Road-building is a continuous

work; if properly carried on, is cumulative in its growth,

and is a question of annual expenditure available to meet
direct outlay, plus sinking fund, interest and cost of

maintenance.

Canada is a country of rich and varied resources. Hut

natural resources are of value only as they are developed.

A considerable part of the cost of such development is in

transportation. The lessening of the cost of transporta-

tion, is a measure of economy, of national thrift, which
will produce a large return on the expenditure. On this

continent, the cost of team haulage is rarely less than 25
cents per ton-mile and is sometimes twice that amount.
Under the favorable coiulitions of good roads in liurope,

the cost is reduced to between 8 and 12 cents a ton-mile.

The tonnage carried over the country roads of Canada
is not readily estimated ; but railway statistics show that

the total amount of freight carried by the railways and
originating in Canada, is about 60,000,000 tons. This, for

the most part, at one or both ends of the railway journey,

must pass over the wagon road. And a considerable addi-

tional amount, consumed locally, passes over the wagon
road without railway transportation. The average wagon
haul for farm and natural produce is estimated at between
seven and eight miles. It is probably a moderate assump-
tion for Canada that a total of not less than 100,000,000

tons passes over the roads of the country with an average

haul of five miles. If, then, the premise is true that good
roads would efifect a saving of ten cents per ton-mile, an
adequate system of improved roads would create a profit

of $50,000,000 annually on the produce and merchandise
now passing over them.

The time lost in travelling over bad roads is very

great. It is a fair estimate that bad roads occasion a loss

of a man and team for 12 working days annually to the

average farm. With over 700,000 occupied farms in

Canada, this wasted time and effort, if put into road con-

struction, would substantially macadamize the leading

market roads in less than ten years.

EFFECT OF CAR LINES ON REAL ESTATE VALUES.*

Investigation in Toronto and American cities, notably
New York and Philadelphia, has demonstrated that the institu-

tion of transportation service, leads almost immediately to

largely increased population in the territories served, and to

largely enhanced real estate values.
Between the five years comprising igio to 1914, in-

clusive, the city of Toronto constructed approximately 18.28

miles of single track railway on Gerrard Street, Danforth and
St. Clair Avenues, and Bloor Street West. .An examination
of the registry office records, shows that in the area within

the city limits which one might reasonably estimate as being'

benefited by transportation, 1,525 representative property
transfers, were abstracted, which show, in comparison with
the sale figures of igio.an increase of 134 per cent, in property
values, integrated over the aforesaid period. During this term
the average assessment per acre of the city shows an increase

of approximately 66 per cent. Deducting this figure from the

134 per cent., leaves an increase in value of 68 per cent,

attributable mainly to civic car line operation.

It may be argued, that the widening of Danforth and St.

Clair .Avenues, respectively, is responsible for a portion of

this latter increment, but in compiling these figures, we have
been careful to ignore transactions covering properties front-

ing on the aforementioned thoroughfares, the values of which,
were without doubt, largely augmented by reason of the

widening. If the cost of the car lines, excluding the front-

age on Gerrard Street. Danforth and St. Clair Avenues, had
been assessed by local improvement over the properties

directly benefited thereby, the entire levy, exclusive of added
charges on account of the extended life of the bonds, would
have amounted to about 6 per cent, on the original investment
as of igio, or 4K per cent, upon the increase in value dviring'

the 1010-1014 period. During the last mentioned period, the

population in the districts aforementioned increased 131%.

*Excerpt from Toronto Rapid Transit Commission's report.
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Canadian Engineers Honored by the King

SIR COLLINCWOOD SCHREIBER,
General Consulting Engineer to the

Dominion Government.

SIR JOHN KENNEDY,
From a photo taken when he was

president of Can.Soc.O.E.

SIR ALEXANDER BERTRAM,
Brigadier-General; VIce-Chairman of

Imperial Munitions Board.

L

Three nienibeis ol ihe Canadian Society of Civil

Engineers were honored this week by the King. In the

New Year's hst appear the names of Sir Colhngwood
Schreiber, K.C.M.G. ; Sir John Kennedy, K.B., and

General Sir Alexander Bertram, K.B.

Sir Collingwood Schreiber was born in 1831 at Brad-

well, Essex, England. He was educated in England, and
came to Canada in 1S52. Until 1856 he was assistant en-

gineer of the Hamilton and Toronto Railway; 1856-1860,

superintending engineer Toronto Esplanade; 1860-1864,

Northern Railway of Canada; 1S69, division engineer in

charge of surveys, Intercolonial Railway; 1870, superin-

tending engineer for Canadian Government on Eastern

Extension Railway of New Brunswick; 1870-1873, as-

sistant chief engineer. Intercolonial Railway; 1873-1878,

chief engineer, Canadian Government Railways; 1880-

1892, chief engineer, C.P.R. ; 1892-1905, deputy minister

of railways and canals; 1905 to date, general consulting

engineer to the Canadian Government.

He is one of the charter members of the Canadian

Society of Civil Engineers, and served on the council of

the society during the first two years of its existence. At

present he is an honorary member of the society. Al-

though 84 years of .Tge, he is still very active in the dis-

charge of his duties, and a few weeks ago completed a

tour of inspection which extended to the Pacific Coast.

Sir John Kennedy was born at Spencerville, Ont., in

1838. He was educated at Bytown Grammar School and

McGil] University. In 1871 he was division engineer on

the construction of the ^^'eIIington, Grey and Bruce branch

of the Great Western Railway. In 1875 he became chief

engineer of the Montreal Harbor Commission, n position

which he held until 1907, when he became consulting en-

gineer. This position he now holds.

He takes a lively interest in all that concerns en-

gineering in Canada, and rarely misses a meeting of the

Canadian Society of Civil Engineers. He was one of the

founders of that society, and the popularity that he still

retains among its members, was early shown by his elec-

cion as the fourth president of the society. He was vice-

president of the society the year it was organized, and
was a councillor for the three years following, until he

was again elected vice-president in 1890 and 1891. In

£892 he became president, following T. C. Keefer, S.

Keefer and Sir C. S. Gzowski in that position. In 1900
he was again elected councillor, and retained that position

for eight years. He is the oldest living past-president of

the society, and in 1907 was made one of the nine

honorary members.

Sir Alexander Bertram was born at Dundas in 1853.

He became a partner in the Canada Tool Works in 1886,

and has ever since been connected with The John Bertram
Sons Co., of Dundas. When war was declared he was
acting as manager at Montreal for that concern. He has

been an officer in the Canadian militia for many years.

He is a noted rifle shot, and in 1909 was commander of

the Bisley team. Some time ago he received the officer's

decoration of the Colonial Auxiliary Forces.

When Sir Sam Hughes formed the Canadian Shell

Committee, General Bertram was made chairman, and his

work attracted the attention and praise of all Imperial

authorities. D. .\. Thomas, who was Lloyd George's

commissioner to Canada, several times stated that Canada

and the Empire owed General Bertram great gratitude for
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lll^ uiuiring work, iiii;hl ;iik1 da\ , w ilhoiil icimim-ialion,

ill mobili/iiig Canada's industries for the manufacture of

slulls. When further shell production became a linancial

rather than a inanufaelurint^ problem, the Imperial

Munitions Hoard, composed mostly of linanciers, suc-

ceeded the Canadian Shell Committee, but General

l>ertram's services were retained as vice-chairman of the

new board. He was elected a member of the Canadian

Society of CPvil Engineers in 191 1, and has taken con-

siderable interest in the society's meetings. His name
appears on the list of contributors of papers published in

the transactions of that society.

i>rogrf:ss in asphalt rhfining; with
notes on mhxican asphai.tic crudes.*

By Leroy M. Law,
Chief Chemist, the United States Asphalt Refining Co.

Till-; merits of relined asphah roads quite naturally

resolve themselves into the merits of the asphalts

used in their make-up, for, in the same type of

construction, the mineral aggregates, their pre-

paration, etc., will be practically the same for all

asphalts. Let us consider, then, these changes which

have been brought alx)ul, in petroleum asphalts that

enable one to discuss roads built from these materials,

not as possibilities, but in the light of actual reality.

Petroleum doubtless entered the paving industry as

a "flux," or softening agency, for the solid, native bitu-

mens, which were too hard to be used for paving pur-

poses in the condition in which they naturally occur.

These fluxes were not straight mineral oils, but the

residue of by-products of oil distillation, for in those

davs the major products of all refineries were the burning

oils, and later on, gasolines and lubricants. The fluxes

were, therefore, what remained in the still after these

more valuable fractions had been taken out, and, under

the name of "residuum," were generally considered as

containing the lubricating oils, waxes and pitch base.

That they were actually refuse products, with little or

no care in regard to their quality, is shown by the fact

that the oils were frequently subjected to so called

"cracking" processes for an increase over the normal

vield of burning oils, etc., this to the detriment and

injury of the residuum.

There are about six more or less well-defined oil

fields in this country, and in some of them the oils vary

from well to well, yet all were distilled for practically

the same major products. It was, therefore, not sur-

prising that the resulting residues were variable in char-

acter, and doubtless many times unsuited even for the

purpose of fluxing the hard asphalts. Under such cir-

cumstances, however, petroleum asphalts originated.

The increasing use of the ir.ore successful native

bitumens early became the stimulus for the development

of the residuals so that they might be placed in compe-

tition with the asphalts, to which they heretofore had

served only as adjuncts, and, to do so, it was necessary

that they be brought from their more or less fluid state

to consistencies suitable for paving purposes.

It was early found that distillation of the paraflinc

and semi-asphaltic petroleum beyond the "residuum"

stage, resulted in decomposition of the pitch or asphalt

*Abstract from paper rrad at Worcester Convention, De-
cember i6th, 1915. and entitled ''Merits of Refined .^sphalt

Roads."

residues to such exteiU that their useluhiess as pa\ing

materials could not receive serious consideration ; so

other means were .sought to achieve the desired end.

For example, it was found by Uubbs that the addition

of sulphur to the residuum, maintained at elevated tem-

peratures, residted in a moleiular condensation, with

liberation of sulphuretted hydrogen gas. The resulting

artificial asphalts received the name of "Pittsburgh

Flux," and proved to be interesting products.

Hyerly, working alM>ut the same time, found, too,

that by blowing air through the heated residuum, the

oxygen performed a similar function to the sulphur in

the Pittsburgh flux, and in 1893 took out a patent cov-

ering the air-blowing process. This proved a most im-

portant step in the transition of petroleum asphalt, for

.lir blowing was cheaper than sulphur, and by regulating

the duration of the "blow," asph.ills varying from soft

to hard consistencies could be pr<Kluced.

.Another step in the evolution of asphalts from
petroleum was accomplished by compounding with the

distillation residues such quantities of hard bitumens,

like gil.sonite and grahamite, as to produce materials of

paving consistencies. Man)' of these compounds con-

tained as much oil as hard bitumen. On account of the

large percentage of the oil residuum required the original

element of uncertainty still prevails in regard to the

finished product. This, together with the high price of

gilsonite and grahamite, and other factors, has doubtless

served to greatly restrict the use of such preparations

to-day.

This brings us up to about the year 1900, previous

to which the oil asphalts were truly artificial materials.

They were prepared at best from oils of low asphaltic

contents, and their solidity and consistency were pro-

portional to the artificial means employed in their

manufacture.

Asphalts from Texas and California petroleum next

deserve our attention, and it is interesting to note that,

while they differed widely in characteristics, both are

still in use to-day, though doubtless in modified form.

The original Texas asphalts were low in susceptibility

to temperature changes, but low ductility retarded their

adoption by many cities which were maintaining a mini-

mum ductility requirement of 15 or 20 centimeters in

their specifications.

On the contrary, the California materials possessed

practically unlimited ductility. Their advent was the

turning-point in the e\olution of petroleum asphalts,

inasmuch as their preparation could be accomplished by
a simple refinement direct to the desired consistency

without any air-blowing.

Mexican petroleum entered the field of raw ma-
terials five years ago. The asphalts produced therefrom

met successfully recognized paving and road oil tests,

and a plentiful and uniform supply of the raw material

is assured. Mexican asphalts, it is true, had appeared

in the paving industry years ago, but the early examples

w'cre but the more or less solidified effusions from the

real supply, which lay thousands of feet below the

surface.

In u)io, therefore, the opening of several large wells

on the east coast of Mexico began a new epoch in the

asphalt business. Two ivpes of Mexican petroleum con-

stitute, in general, the suppiv of crude material brought

to this countiw: a heavy oil of 10° to 12° Beaume gravity,

carrying about 70 per (-ent. of asphalt, and a lighter one

of 18° to 21° gravity, with an asphalt content of 55 to 60

per cent. These issue from wells of ^,000 to j.otKi feet
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depth, are cMillected in large storage tanks, or sometimes

in earthen ponds or hikes, then are pumped into specially

constructed tank-ships, ranging from 30,000 to 60,000

barrels in capacity, lor transportation to the refineries

of this country.

Both oils yield excellent paving materials; their liigh

asphalt contents and correspondingly low percentages oi

light oils enable their refinement to be accomplished

promptly and with a minimum risk of injuring the

asphalt residues, which, in the handling of Mexican

petroleums, are the major product^ of the refinery.

With both types of crude, furthermore, it is com-

mercially practicable to stop the refining or reduction

process at anv stage of consistency between the fluidity

of the natural liquid and the solidity of hardest paving

cement, so as to gi\ e the engineer a material made by

one simple process to the consistency he desires. By

such procedure the natural fluxes are retained, and he

is relieved of subsequent artificial fluxing with its at-

tendant losses in time.

For paving cements and road binders there is a]i-

parently a preference for products of the heavier oils,

doubtless on- account of their greater density and lower

paraftine content, but the lighter oils, however, serve as

the chief source for road surfacing materials. When
simplv freed from moisture and sediment they serve as

a cold surface dressing for macadam roads, the naturally

occurring gasoline which they carry serving as a natural

thinner to facilitate penetration into the road structure.

Deprived of these lighter oils to greater or less extent,

they serve in excellent manner for the more permanent

and so-called hot surface applications.

.\ high asphalt content, with a corresponding re-

duction in the amount of burning oils, resulted in a com-

plete change of purpose, and what was the "residuum,"

or residue, became the major product. This radical

change in petroleum refinement has brought forth several

new processes, among which may be mentioned those

covered by the Dundas and the Trumbull patents. Both

are of California origin, the former little used, but the

latter in successful operation with both California and

Mexican oils, and worthy of mention.

Its operation depends on pre-heating the oil, then

pumping it to the top of heat-jacketed cylindrical towers,

down the inner surface of which it is allowed to flow in

a thin sheet of stream. Around a central vertical stand-

pipe, or "off-take," are openings for the vapors or light

oils to pass on their way to the condensers. These open-

ings are protected bv conical or umbrella-like shields so

that they will not be clogged by the asphalt as it passes

on its way to the bottom of the tower. The temperature

employed and the rate of pumping determine the con-

sistency of the asphalt.

The most generally used process, however, is that

of steam distillation, which removes the lighter oils frorn

the associated materials at temperature below their

normal boiling points.

While these oils would require temperatures as high

as 900° or 1,000° F. for their actual distillation, the

steaming process enables them to be removed as low as

600° to 650° F., for in the best-regulated plants the

asphalt in the still is never allowed to exceed such tem-

peratures.

In the best-regulated plants recording pyrometers

indicate the actual temperatures at all times, and when

careful tests show that the desired consistency has been

reached the charge is allowed to cool, then pumped to

storage or drummed for shipment.
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Vancouver, B.C.— It is expected that work on the

construction of the new grain elevator will be completed

by the end of January.

Edmonton, Alta.—Ciiorge Webster, contractor for

the (Jrand Prairie branch of the hxlmoiiton, Dunvegan and

British Columbia Railway, states that the grading of the

liiu- is completed and ready for the steel.

Calgary, Alta.—.Ml the plans, profiles and field work
records of the proposed $3,000,000 lilhow River water-

works system are said to be missing from the city's

\aults. These records cost about $10,000. Various

theories are advanced to account for their disappearance.

Quebec, Que.—The new branch line of the Quebec

Central Railway, twenty-five miles in length, extending

from St. Camille, Bellechasse County, to English Lake,

was ofticially inspected last week by Hon. .\. Taschereau,

Proxincial Minister of Public Works.
Hamilton, Ont.—The report of City Engineer A. F.

Macallum, recently submitted to the city council, shows

the following amount of local works completed during the

year: 4.7 miles of sewers; 5.1 miles of cement walks;

2.6 miles of curbs; 7.3 miles of asphalt pavements.

Fort William, Ont.—According to the report of City

Engineer R. R. Knight, $24,198 was expended on streets

and sewers in 1915, as against $42,683 in 1914. Local

improvement works which were initiated last spring cost

the city $39,754, and the laying of a feeder main to the

west end of the city cost $57,393-

Kingston, Ont.—City Engineer R. J. McClelland re-

ports that he carried out the following work by day labor

during 1915: 2^4 miles concrete walks; '/i mile sewers;

'2 mile concrete curb ; 6 blocks asphaltic macadam pave-

ments ; macadam roadway; resurfacing of macadam road-

wavs with Tarvia.

Toronto, Ont.— .\t noon on December 24th, the

dredging work in the Toronto Harbor closed for the sea-

son. Work was carried on for about two weeks later

than it was in 1914. During the winter season the

equipment will be overhauled and all preparations made
for active work early in the spring.

Welland, Ont.—Major James Sheppard, superinten-

dent of roads for Welland County, has submitted a report

to the county council which shows that approximately 41

miles of new road were constructed last year—21.39

miles by the county and 19.67 miles by the contractors.

The total mileage of improved road on the county system

is now about 82 miles.

New Westminster, B.C.—M. H. MacLeod of Winni-

peg, general manager of the Canadian Xorthern Railway

Companv's western lines, has announced that his com-

pany will commence work early this year on the con-

struction of a line from the north end of the New- West-

minster bridge over a right-of-«ay which it has acquired

through this citv to a station to be built here.

West Kildonan, Man.—According to the report of

Engineer Eatwell, local improvements costing $330,529.36

have been completed during the past eighteen months, in-

cluding Main Street paving, i',- miles, $58,796.31; Main

Street concrete sidewalks, i '4 miles, $8,000 ;
trunk sewer,

I mile, $113,646.57; lateral sewers, 6.1 miles, $58,211.05;

water mains, 7.15 miles, $79,294.74; fire hall, $7,200.

Montreal, Que.—According to a statement made by

H. P. Borden, assistant to the chief engineer, work on
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the Quebec bridge, which was started eight years ago,
will be completed by next December. It is expected thai

by October next the great suspended span, which is 640
feet long, and weighs 6,000 tons, will bo floated to its

place. W'lu'n finished, the bridge will liave cost about
Si7,ooo,ooo.

Hespeler, Ont.—Work was completed last week on
the installation of the waterworks system, the contract

for which was awarded last June to John Hartnett, of

Toronto. The reservoir has a capacity of 200,000 gallons,

and is fed from two artesian wells. The standpipe, sup-

plied by the Pitts1)urgh and Des Moines Sleel Co., Pitts-

burgh, Pa., has a capacity of 100,000 gallons, and gives

a working capacity of from 20 to 100 pounds pressure.

Winnipeg, Man.—Mr. J. D. Mc.Vrthur, of Winnipeg,
who is building the Hudson Bay Railway from Le Pas to

Port Nelson for the Dominion Government, states that

the line is now graded within forty miles of Port Nelson,
and that steel is laid to Manitou Rapids, 190 miles from
the terminus. Work has started on the erection of the

steel bridge and will be completed in the spring. It is

expected that the road will he finished to the Bay by
next fall.

Toronto, Ont.—The recommendation of Parks Com-
missioner Chambers that the Humber Valley boulevard be
constructed on the high land east of the river, rather than
in the river valley, has been adopted by the parks com-
mittee. The agreement between Home Smith and the city

in connection with the Humber \'alley improvement
scheme provides that the city spend $25,000 a year for six

years. To date the city is about $14,000 behind in the

amount that it should have expended, and Mr. Smith has
urged that some definite action be taken towards complet-
ing the proposed roadway.

Point Grey, B.C.—According to a report issued by
Municipal Engineer Greig for the year ended December
iSth, 1915, much important work has been accomplished,
including the grading and paving of the University Avenue
division, the paving of Yew Street from Forty-ninth
Avenue, and the completion of the portions of Oak Street,

which were commenced in 1913. The report shows the
total mileage of permanent street pavement in the munici-
pality as 17. II miles; total miles of streets rocked, 50.32;
roads graded, regraded and contoured, 69.72, 4.22 miles
of which were done last year ; roads cleared, 55.66 ; lanes
cleared, 43.88; cement concrete sidewalks, 29; sewers
constructed, 53-50 miles ; sewer connections made, 14.493
storm water drains laid, 10.74; and water mains laid,

106. 1 16. During the year, 1.69 miles of sidewalks were
laid

; 96 miles of permanent street pavements laid ; .57
miles of streets rocked; .66 of roads cleared, and 1.7

miles of water mains laid.

PERSONAL.
HARRY Mc.VVOY has been elected a member of the

Hydro-Electric Commission of St. Catharines, Ont.

P. A. McDonald, of Winnipeg, has been appointed
Public Utilities Commissioner for Manitoba, succeeding
H. A. Robson, who has resigned.

RUFUS H. MARTIN, of New Glasgow, N.S., has
been appointed assistant district supt-rintendent of the
eastern division of the Intercolonial Railway.

ROBERT GEORGE KYD, town engineer of Dunn-
ville, Ont., has been elected an associate member of the
Institution of Civil Engineers of Great Britain.

FRANK E. \V.\TK1NS, formerly associated with

the Canadian Fairbanks-Morse Co., Limited, Toronto, has
been appointed works manager' of the East Jersey Pipe
Corporation, Palerson, N.J.

FR,\NK P. JONTiS, general manager of the Canada
Cement Co., and who formerly occupied a similar position

with the Dominion Steel Corporation, has again joined the

steel company in the capacity of a director.

GEORGE S. MICHEL, formerly assistant director

of Public Works of the Province of Quebec, has been ap-

pointed engineer and director of public works by the

Quebec (iovernment, to succeed E. Charest, who has

retired.

G. W. CAYE, assistant to Morley Donaldson, vice-

president and general manager of the Grand Trunk Pacific,

has been appointed purchasing agent of the Grand Trunk
System, with headquarters at Montreal, succeeding J. G.

Guess, who has resigned.

Lieut. RALPH HARRIS, formerly of the Toronto
Roadways Department, and a graduate of the School of

Practical Science, Toronto, has been wounded and is now
in a Boulogne hospital. Lieut. Harris enlisted in the

Corps of Guides, and later joined the Canadian Artillery.

In England he was transferred to the Royal Engineers.

COMING MEETINGS.

AMERICAN FORESTRY ASSOCIATION. —An-
nual meeting to be held at Boston, Mass., January 17th
and i8th, 1916. Secretary, P. S. Ridsdale, Washing-
ton, D.C.

CANADIAN NATIONAL CLAY PRODUCTS AS-
SOCLA^TION.—Fourteenth annual convention to be held

at Toronto January i8th to 20th, 1916. Secretary, G. C.

Keith, 32 Colborne Street, Toronto.

AMERICAN WOOD PRESERVERS' ASSOCIA-
TION.—The Twelfth Annual Convention to be held in

Chicago, January 18, 19 and 20, 1916. Chas. C. Schnat-

terbeck, chairman, Committee on Publicity and Promo-
tion, American Wood Preservers' Association, Baltimore,

Maryland.

CANADIAN SOCIETY OF CIVIL ENGINEERS.—
The Thirtieth Annual Meeting to be held in Montreal,

January 25, 26 and 27,' 1916. Secretary, Prof. C. H.
McLeod, 176 Mansfield Street, Montreal.

AMERICAN ELECTRIC RAILWAY ASSOCIA-
TION.—To be held in Chicago, 111., February 4th, 1916.

Joint dinner that evening with American Electric Railway
Manufacturers' Association.

N.^TIONAL CONFERENCE ON CONCRETE
ROAD BUILDING.—Second National conference to be
held at Chicago, 111., February 15th to i8th, 1916. Secre-

tary of .Advisory Committee, J. P. Beck, 208 South La
Salle Street, Chicago, III.

AMERICAN CONCRETE PIPE ASSOCL\TION.—
.A.nnual Convention to be held in Chicago, February 17
and 18, 1916. Secretary, E. S. Hanson, 538 S. Clark
.Street, Chicago, 111.

CANADIAN LUMBERMEN'S ASSOCIATION.—
At Ottawa, February i8th, 19th and 20th, 1916, annual

convention. Frank Hawkins, secretary, Ottawa.

CANADIAN AND INTERNATIONAL GOOD
ROADS CONGRESS.—At Sohmer Park, Montreal,
March 6th to loth, 1916. Geo. A. McNamee, secretary.

New Birks Building, Montreal.
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G. T. P. DRY DOCK AT PRINCE RUPERT, B. C.

SPLENDID TERMINAL FOR PACIFIC COAST SHIPPING COMPLETED
BY THE GRAND TRUNK PACIFIC RAILWAY, AFTER MORE THAN
THREE YEARS' WORK, AT COST OF APPROXIMATELY $2,500,000.

THI-:
l.irgest dry dock on the Pacific Coast, eitlier in

the United States or Canada, and one of the largest

of its kind anywhere in Canada, is the Grand Trunk

Pacific dock at Prince Rupert, B.C. The land

and wharf area is about seventeen acres. Preparation of

the site included 96,000 cubic yards of dredging; 82,000

cubic yards of gravel fill ; 268,000 lineal feet of piling for

tight bulkhead, i:: inches thick, runs below the keel blocks

of each section, and partial bulkheads on each side are

used to strengthen the structure. The pontoons are con-

nected together by steel side walls, or wings, which are

38 ft. high, 15 ft. wide at the bottom, and 10 ft. at top,

and which contain altogether 2,400 tons of steel, and re-

quired 13,000 gallons of paint. The two end sections

Middle Section (only) of Dock Submerged. Wrecked Vessel "Delhi" Being Lightered onto Submerged Section.

One End Section, Not Submerged, in Background.

the wharf, and 5,000 cubic yards of concrete work for

foundations, this being exclusive of any work in connec-

tion with the power house.

The Floating Dock.—The dock itself is built in three

separate but interchangeable sections, the total length

when joined together being 600 ft. When used separately,

the two end sections are 165 ft. long, and the middle

section 270 ft. long. The lifting capacity with the three

sections joined is approximately 20,000 tons. The end

sections have each a lifting capacity of 5,000 tons, and

the middle section of 10,000 tons. The clear width be-

tween walls is 100 ft. : the over-all width, 130 ft.

The complete dock consists of twelve pontoons, each

44 ft. wide X 135 ft. long x 15 ft. deep, with a crown of

3 inches at the centre, and having 15 trusses spaced on

3-foot centres. Each pontoon weighs 490 tons, and has

a lifting capacity of approximately 1,700 tons. \. water-

have three pontoons each ; the middle section six pontoons.

The pontoons are built of Douglas fir, protected against

marine insects, first by a coating of tar and gravel,

poisoned with arsenic, then by two layers of hair felt

similarly treated, and covered with galvanized iron and

an outside layer of i Ja-inch creosoted lumber, secured

with galvanized nails. The pontoons were caulked with

800,000 white pine wedges and contained 4,000,000 ft. of

lumber and 400 tons of galvanized iron fastenings.

The dock, as a whole, is secured to the pier by the

engagement of clamps on the dock with a vertical truss

secured to the pile platform in such a way that it is free

to rise and fall with the tide (which in the spring is often

25 ft.), and when being raised or lowered with a vessel

aboard.

When it is desired to use the dock in separate sec-

tions, the forward three pontoons can be detached and
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moved mound tlic corner of tlie pier and located alongside

llie plalform. To use the remaining portion as two
separate docks, the middle section of six pontoons is de-

tached from the rear section and nioved forward tlie lenglh

of the front section, and secured in position. The sliding

clamps are so arranged that whether the dock is usetl as

separate units or complete, the attachments on the pier

will coincide with those on ilie floating dock.

The Pumping Hqiiipnient.—The floating dock is

equipped with twenty-four 12-inch centrifugal pumps, one

in each end ol eacii

pontoon. liach

pump has a capacity

of 5,000 gallons per

minute. The entire

dock can be raised

or lowered 30 f I
.

,

the time required to

dewater it being

about 90 minutes.

The pumps are

connected by verti-

cal shafts and be\el

gears to a hori-

zontal line shaft,

which is operated

by four loo-h.p. and

two 200-h.p. vari-

able speed .^.C. mo-

tors. The motors

are placed in motor

houses, of which

there are two on

each section of the

dock. The motor

houses of each section also contain the control apparatus

for the motors. This control apparatus is so arranged

that each section of the dock can be raised or lowered

from either motor house on the section, or the whole dock,

with the sections joined together, can be raised or lowered

from the motor house on the wharf side of the middle

section. Control wires run from one section of the dock

to the other, connection being made by means of plugs

and sockets. In each cabin there is a master panel, on

which are mounted ten knife switches, one motor master

switch for each of the six motors, and four speed master

switches controlling the speed of all motors.

S.S. "City of Seattle" in G.T.P. Dry Dock, November Hi, 1915.

The control system is arranged so that the luo
motors on any section may be operated from one masi( 1

panel on either of the two sections, or all six motors on
all three sections may be operated from the master panel

on the middle or large section. .All the motors in oi)er;i-

tion will run at the same speed, and should a higher or

lower speed switch be closed, all motors will automatically

l.ike the new speed. When some of the motors are

operated at any given speed, if any individual motor
switch is closed, the corresponding motor will automati-

cally start and ac-

:elerate to the speed

of the motors al-

ready in operation.

The entire electrical

equipment was sup-

plied by the Cana-
dian General Elec-

tric Co. The cabins

on the side of the

dock nearest the
wharf also each
contain a Jenckes
motor-driven air

compressor.

The General Lay-

out and Buildings.

—The dock-yard it-

self contains several

buildings, the prin-

cipal of which are

the power house,

carpenter shop and

ship-shed, machine

shop, boiler and
blacksmith shop and foundry. There is a complete water

system (including fire hydrants), a sewer system and a

compressed air system installed for the whole yard.

Standard railway tracks rurt to every part and to the

shops. A 20-ton locomotive crane is used for shunting

and hoisting. A 50-ton pier derrick, for handling freight,

is mounted on the dock, and a lo-ton steam coal hoist,

equipped with clam shell and capable of transferring coal

from a boat or barge or railway car at the rate of 16 tons

per hour, is located near the pier derrick.

The boiler house contains six water-tube boilers,

rated at 400 h.p. each and delivering steam at 175 pds.

General View of Harh<n and rtrniiiial, Sliowinj* (1) Lnd Section ol l)r> Dock, (2) Middle Setlioii, {'.i) lind Section,

(-1) Pier Derrick, (7) Shipbuilding Plant, (8) Power House, (5, 6 and 9) Foundry, Blacksmith

and Boiler Shop, and Machine Shop.
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per square inch. They are equipped with chain grate

stokers. Provision has been made for the installation at

a later date of two more boilers and an economizer. The

feed water is passed through two heaters by two Allis-

Chalmers 4-stage turbine boiler-feed pumps.

The power house, 104 ft. x 148 ft., and the chimney,

175 ft. high X 1 1 ft. diameter, are built entirely of con-

crete. The coal used is soft coal screenings and is con-

veyed from outside storage bins by an electrically operated

monorail crane, and deposited in hoppers in front of the

boilers, from which it feeds by gravity to the chain grates.

The ashes are deposited into self-dumping buckets, which

are conveyed to a standard flat-car outside of the power

house by means of the same monorail crane which handles

the coal.

The high-pressure steam line contains two 1 2-inch

headers, one located in the boiler room and one in the

engine room, connected together at three points, and pro-

vided with valves placed in such positions as to enable any

part of the pipe line to be made dead for repairs without

in any way interfering with the operation of the plant.

The whole pipe line is covered with 2^2 inches of 8^ per

cent, magnesium pipe covering.

The engine room contains two 1,250 kv.a., 3,600

r.p.m., 2,200-volt, 3-phase, 60-cycle generators, driven by

Curtis turbines. To each turbine is connected a jet con-

denser with motor-driven vacuum and circulating pumps.

There are also three 35 kw., 3,600 r.p.m., 120-voIt, d.c.

exciters, driven by steam turbines operated non-condens-

ing, and one 25 kw., 1,200 r.p.m., 125-volt, d.c. exciter,

driven by a 35-h.p. induction motor.

The switchboard is of blue Vermont marble and con-

tains twenty panels, which include the generator and ex-

citer panels and also the panels for the feeders going to

the various sub-stations in the dock yard. The power
house cables are all varnished cambric, lead covered, run

in conduit.

The engine room also contains a cross compound con-

densing air-compressor of 1,500 cubic feet per minute

capacity. This supplies air to the various buildings in the

dock yard. There are also two Piatt Iron Works' duplex

fire pumps, each with a capacity of 1,000 gallons per

minute. These pumps are located in the basement and
are connected to take salt water from the harbor or fresh

water from the mains. They can be used as auxiliary

boiler feed pumps and also to furnish water for the con-

densers if necessary. The engine room is equipped with

a 15-ton travelling crane, which is of sufficient capacity

to handle the heaviest part in the station.

The carpenter shop and ship-building shed is a steel

and wood structure, 160 ft. wide, 300 ft. long and 116 ft.

high, the ship-building part having an overhang of 80 ft.,

giving a clear space, under cover, 80 x 300 x 75 feet high.

There are two lo-ton travelling cranes on this overhang,

each operating over an area 40 x 300 feet. The other half

of this building is used, downstairs as a carpenter shop,

and upstairs as a ship hull pattern loft. The ship hull

pattern loft has a floor space 80 ft. x 300 ft., entirely clear

of columns or obstacles of any kind. It contains the wood-
working machines, tool grinders, etc., necessary in a

plant of this kind.

All the other buildings are of steel frame construc-

tion, with roof and floors of reinforced concrete. The
entire equipment is of the most modern type, and the

machinery installed is capable of handling the heaviest

and largest repairs that may be required upon any vessel

operating on the Pacific Coast.

In laying out the general plan for the present site,

the possibility of future shipbuilding development was

carefully considered, and, while the construction of steel

vessels will not materialize for some lime to come, it was
nevertheless deemed advisable to construct buildings of

a permanent nature. The broadside system of launching

has been provided for.

The Pier Derrick.—The pier derrick stands on a

piling and concrete foundation, and has a capacity of 50-

tons at an outreach of 61 ft. 3 in. from the centre of the

turning point, giving an outreach of 40 ft. beyond the

end of the pier. The centre of the upper hoisting sheave

is 100 ft. above mean high water. The derrick elevates

50 tons at a rate of 10 ft. per minute, and by changing

gears, 25 tons at a rate of 25 ft. per minute. The hoisting

apparatus is operated by a 52-h.p. variable speed motor,

with reversing' controller. The racking in and out is ac-

complished by a heavy steel screw, operated by a separate

52-h.p. variable speed motor, with reversing controller.

There is also a 5-ton auxiliary hoist provided, operated by

a 35-h.p. variable speed motor with reversing controller.

The hoisting apparatus of the main derrick is i j{-in. steef

cable running through two 4-sheave blocks, each end
being led to a separate drum. It is capable of removing

Interior View of 50=ton Pier Derrick.

or installing the heaviest pieces ot machinery from or to

the holds of any vessels in Northern Pacific waters. It is

also used to transfer material from vessels lying at the

dock to cars upon the pier.

Progress of Work.—Work was commenced in April,.

1912, and the whole plant was started up in August,

1915, and within a few days, the wrecked vessel "Delhi"
was successfully docked on the middle section. The
isolated position of Prince Rupert naturally delayed the

progress of the work, the nearest supply base being six

hundred miles distant. To facilitate the erection of the

complete plant, the structures first built were utilized in

constructing the remaining buildings and docks. The first

work to be completed was the pier and launching platform,

followed by the erection of the power house and the in-

stallation of the necessary equipment. After the com-
pletion of the engineering and administration buildings,

the final work of constructing the floating dry dock was
accomplished, and the operating machinery erected.

Charles Crowell is the general manager of the dry

dock. The engineers who designed the work and had
charge of construction, were William T. Donnelly and
Frank E. Kirby, of New York City. The resident superin-

tending engineer was J. H. Pillsburv, of Prince Rupert.
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RKCHNT I'ROCiKI-SS AND TKNDIiNCIliS IN

MUNICIPAL WATIiR SUi'l'LV.

H'oiu'luded jrom last week.)

Water Disinfection.—The most important sinyk- de-

velopment in the art of water purification in America

during the past ten years was the introduction in 1908 of

water disinfection by means of calcium hypochlorite, and

more recently, by liquid chlorine.

The enecti\eness of calcium hypochlorite, commerci-

ally known as chloride of lime, or bleaching powder, for

the sterilization of both sewage and water, has been known

for many years, although its use for destroying bacteria

in drinking water appears not to have been proposed until

iSq4 (bv Traube). The possibilities of hypochlorite for

the routine disinfection of water supplies were overlooked

until very recently.

There are several widely known instances of the early

use of hypochlorite sterilization in Europe. .As an emer-

gency measure, chloride of lime was applied at Maidstone,

f-:ni;land, in 1897, for cleaning the water mains after a

typhoid epidemic, and was temporarily used in the water

supply at Lincoln, England, in 1904-05. In both these

cases comparatively large quantities of bleach were used.

The treatment was not considered as a routine method of

purification, but for emergency use only. As early as

1903, chloride of lime was used as a disinfectant in con-

nection with a process of chemical water purification in

operation at Middelkerke, Belgium. At this same time,

as part of another process, peroxide of chlorine was used

in connection with other chemicals in purifying the water

supply of Ostend, Belgium. During the few years im-

mediately following disinfection of water supplies by

calcium hvpochlorite was introduced in several cities of

Europe on a limited scale.

Disinfection by Calcium Hypochlorite.—Hypochlorite

disinfection for the routine purification of public water

supplies first came into use in this country in 1908. The

late Dr. J. L. Leal, in June of that year, advised that

hypochlorite be used to purify the water supply of the

Jersey City Water Supply Co. at Boonton Reservoir. The
plant for applying the disinfectant was designed by

Messrs. Hering and Fuller and put in operation on Sep-

tember 26th, 1908, with Mr. George A. Johnson, of the

same firm, in charge. In the meantime, Mr. Johnson had

advised that hypochlorite sterilization be used in conjunc-

tion with mechanical filtration at the new Bubbly Creek

plant of the Union Stock Yards Co. at Chicago. .Acting

on this recommendation, hypochlorite disinfection was in-

troduced here on August 2nd, 1908.

Water disinfection as practised at these two plants

was soon demonstrated to be a success, although it met
with some opposition at first. The process attracted wide

attention and was quickly recognized by engineers and

sanitarians as an economical and revolutionary means of

combating water-borne disease.

The use of hypochlorite disinfection followed at a

great many waterworks plants throughout the country.

The process was applied not only at plants having no

other means of purifying; water, but came into use also

as an auxiliary means of purification to further improve
the effluent of filter plants drawing upon unusually polluted

sources of supplv. At the present time hypochlorite is in

intermittent or continual use as a water disinfectant at

approximatelv fioo municipal water supply plants in the

United States. This growth has all occurred within the

past six years. The beneficial effect of some of these in-

stallations on the quality of the water supply is very

strikingly shown by the corresponding reductions in the

typhoid fever death rates. Tabic 11., giving the figures

for eight representative cities, shows that the re(hi< lion

has been as high as 72 per cent, in some cases, but all of

this reduction, as elsewhere pointed out, must not be

attributed to the imprcncment in the water supply.

Disinfection by Liquid Chlorine.—The use of chloride

of lime in water disinfection is comparatively simple, and

yet is open to serious objections. The variation in the

amount of available chlorine in commercial chloride ol

lime, further complicated by the deterioration of the hypo-

chlorite during storage, and the difficulty of thoroughly

mixing with water, makes it difficult to secure solutions

of uniform strength. Added to this dilficulty is the fact

that the degree of pollution, and of organic content of the

water to be disinfected, may change rapidly, requiring

constantly varying amounts of hypochlorite to properly

disinfect the water.

These difficulties connected with the use of hypo-

chk)rite have been partly overcome by the substitution of

liquid chlorine for hypochlorite. The use of liquid chlorine

for disinfecting- water appears to have been first introduced

by Major C. R. Darnall in 1910. His process was based

on the direct absorption of chlorine gas by the water to be

purified. Other experimenters working with the same
end in view adopted the use of the so-called absorption

tower, whereby the chlorine is absorbed by a small amount
of water, the latter being then introduced into the supply

to be disinfected. It is this latter process which appears

so far to have had the wider application.

Liquid chlorine is now used notably at Montreal,

Canada, at the Niagara Falls plant of the Western
New York Water Co., at Wilmington, Del., at four filter

plants at Philadelphia, including the Torresdale plant,

Ridgewood Reservoir, Brooklyn, and at Wilmington,

N.C., in addition to various more recent installations.

Some of the advantages of the use of liquid chlorine

in place of the old hypochlorite process are that an over-

dose, considerably greater than necessary to sterilize the

water, does not result in an objectionable taste, and that

the quantity of disinfectant can be much more closely

regulated than with solutions of hypochlorite, while the

germicidal action is probably superior. There are other

advantages due to the less space required for the liquid

chlorine plant, and the freedom from objectionable taste

and odor about the plant, except during accident. The
use of the liquid chlorine process probably requires more
skilled attendance, but through saving in labor appears

not to be more expensive than the older process.

The very wide use of water disinfection, often under

competent technical supervision, has contributed largely to

the rapid development of the art. We are now in an ex-

cellent position to draw conclusions as to the limitations

of disinfection as a means of water purification.

The great improvement brought about by disinfection

in many of our municipal water supplies is remarkably

shown by the diminished typhoid death rates in certain of

these cities. However, it is well known by those familiar

with the subject, that water disinfection even more than

water filtration is dependent for safe results to a consider-

able degree upon human vigilance, and to be satisfactory

must be in expert hands, and that even then, the process

has distinct limitations as a means of water purification.

The early claims made for disinfection have been re-

markably well sustained by the great success of this new
process, but it is to be pointed out that disinfection is in

no way a substitute for filtration where both turbidity and

bacterial problems are to be met and overcome. The
proper function of water sterilization is conceded to be
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Table II.—Decline in Typhoid Fever Death Rate in Eight Cities Following the Use of Hypochlorite

Disinfection of the Water Supply.

Began I'sing Before Using Hypo. After Using Hypo. Reduction

City Hypo. Period. Death Rate.* Period. Death Rate.* in Death
Rate.

Baltimore June, 191 1 1900-10 35.2 1912-13 22.8 35%
Cleveland Sept., 1911 1900-10 35.5 19^2-13 lo.o 72%
Des Moines Dec, 1910 1905-10 22.7 I9"-I3 '3-4 4i%

Erie March, 191 1 1900-10 38.7 1912-13 13.5 65%
Evanston Dec, 1911 1907-10 26.0 1912-13 i4-5 44%
Jersey City Sept., 1908 1900-07 18.7 1909-13 9-3 5«>%

Kansas City Jan., 191 1 1900-10 42.5 i9ii-'3 20.0 53%
Omaha May, 1910 1900-09 22.5 191 '"13 ''^ 47%

*Death rate per 100,000.

either as an auxiliary to filtration, or as an emergency

measure to render unfiltered supplies safe. Where a

supply is continually bad, the tendency is to resort to

filtration, and to use disinfection as an added safeguard

against disease germs.

Other Methods of Water Disinfection.—None of the

other known methods of water sterilization have yet been

applied in this country on a commercial and practical

scale, but remain largely in the experimental stage, al-

though in Europe the ozone process has been rather ex-

tensively used, and the violet ray process has excited

interest and attention both in this country and abroad.

Future of Water Disinfection.—The very remarkable

development of hypochlorite water disinfection in this

country, and the recent modification of the process by the

introduction of liquid chlorine has put water disinfection

on a sound basis. We are safe in concluding that disin-

fection as an auxiliary means of water purification has

come to stay, even though the disinfecting agent may be

changed in the future by the further perfection of pro-

cesses now known or the discovery of new and better

methods.

Accidents to Distribution Systems.—One of the most
important requirements in distributing water for muni-
cipal supply is to give continuous service. The past ten

years have afforded notable examples of serious interrup-

tions of service. In the larger plants these interruptions

have been caused usually by breakages in the water mains.

Water hammer, defective pipe, settlement or disturbance

of pipe or conduits bv nearby construction, by flood, by
fire and by earthquake, have all had a share in these ac-

cidents. Many of the breaks have been unavoidable, but

from some of them valuable lessons have been drawn.

The losses sustained, as a result of these breaks,

through interference with industry, suspension of fire pro-

tection, and pollution of the water supply, have been in

some instances very great. Some of the worst conflagra-

tions of the past decade follovi'ed water pipe breaks that

resulted in failure of fire protection at a critical time. The
importance of avoiding such losses and increasing the

factor of safety in water distribution has led, in some
cases, to the provision of cisterns scattered through the

distribution system where there is danger of disruption of

the system from any cause. The need of having duplicate

supply mains or conduits and the importance of provision

for promptly isolating parts of the distribution system, by
hydrants always accessible, and other precautions, is per-

haps much better recognized to-day than formerly.

Water Consumption.—The que.stion of water con-

sumption has grown to be of vital importance in many
American cities. It is now quite generally recognized that

the usual very high rates prevailing in our cities result

from waste, and increasing attention has been paid during

the past ten years to waste prevention. Energetic waste

prevention has materially reduced the consumption in

some cities, and others have been able to maintain rather

enviable low rates of consumption. Notwithstanding this

work, very high per capita consumption continues to be

typical of many .\merican municipal water supplies.

The consumption of water in this country varies from

less than 40 gallons per capita in some cities to 400 gallons

in others. This wide range in rate of consumption is still

more striking if we compare it with the consumption in

Great Britain, where the combined domestic and trade

consumption is in several cases even below 25 gallons, and

the highest rate only 70 gallons per capita. Even allow-

ing for a somewhat more liberal legitimate domestic use

of water in this country, and a greater consumption for

industrial uses, it is difficult to reconcile the high rates so

common in this country with the low per capita consump-

tion abroad, and the lower rates of consumption in some

of our own cities. A partial explanation is found in the

very considerable waste of water. This waste is princi-

pally underground leakage and leakage in plumbing, as

well as careless use, but may also be due to theft.

The total waste from these causes is so great that

much attention has been given during the past decade to

water waste prevention. This work, especially in the

larger cities, has become a very important part of water-

works management, and has made possible very consider-

able reductions in the consumption. Greater attention has

been given to metering services as a means of curtailing

waste, and more attention has been given to water waste

surveys. Devices for measuring flow in pipes and in-

genious methods of detecting leaks have been developed

that make it possible, at reasonable cost, to discover and

stop large leaks in the distribution system.

Several very instructive water waste surveys have

been made during the past few years that throw light on

the enormous waste that occurs in some of our principal

cities. In Chicago, where about 200 gallons per capita is

delivered to the distribution system, it was concluded that

30% of the water entering the mains was wasted through

underground leakage, and 20°^ by leakage in defective

plumbing. In Chicago, it is stated that only 50% of the

net pumpage actually reaches the consumer.

Considerable new data has been obtained in the last

few years in cities where all consumers were metered, and

where the station ouptput is also reliably metered. In a

considerable number of these cases the proportion of

water metered to the consumer to the entire output has

been found to be as low as 45 to 50%. The highest per-

centage has not exceeded 78% to a possible 90%. This is

undoubtedly an interesting field for further study.

New York, by systematic surveys and waste preven-

tion, was able, in 191 2, to reduce the total water consump-

tion 90 million gallons per day below the estimated needs
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for that year. This work lias been energetically carried

on 10 tide the city over the in-riod until the new CatsUill

supply becomes available. The results have continued to

be so satisfactory that the rate of consumption is now
lower than for many years past, and the city is assured

o\ a suHicient supply even though the expected lime of

coinpletion of the Calskill project has been postponed one
year. The New York water waste surveys have cost very

much less than the estimated cost of the temporary addi-

tional supplies that would otiicrwisc have been needed.

At Washington, D.C. , and other cities, work of the same
kind has been carried out on a less extensive scale, but
A\ith results almost as important to the cities involved.

These water waste surveys show clearly that the

figures covering what is called "consumption" may, in

this country, indicate even as much as twice the amount
of water actually used. They point out to the waterworks
manager a very fertile field for economies that not only
save money, but virtually increase the capacity of the

plant. The usual great cost of supplying water and the
difficulty of meeting constantly increasing demands make
waste prevention of great importance, and we may expect
increasing attention to be given to this aspect of the water
supply problem.

The tendency is towards increased use of metering to
reduce waste. But metering is often unpopular and is still

opposed by the public in some of our largest cities.

Especially in those localities where there is an abundant
visible supply of water, the idea has prevailed that water
should be "free as air," and in these cities popular pre-
judice against meters continues to be particularly strong.

Many of our largest cities, including New York,
("liicago, Philadelphia, Buffalo and Pittsburgh, still have
M-ry small percentages of service metered or no meters
at all, and, as a rule, very high rates of consumption. But
the strong tendency, in spite of this local prejudice, is to-
\\ards the more general use of meters, so that we may
look forward to a great extension of the practice of meter-
ing services and charging for quantity of water used in-

stead of by flat rate or frontage, regardless of actual use.
The tendency towards the increased use of meters in

municipal waterworks service is shown bv Table III.

Table III.—Comparison of Percentage of Metered Services
at Different Periods in 82 Large American Cities.*

Percent. 1900 1906-12!
services No. of Total No. of Total
metered. cities. population, cities. population.

'oo% I 32,700 7 660,300
75-100 13 848,700 21 2,818,900
.^0-75 5 509-300 12 1,004,000
25-.SO 15 1,221.200 14 1,718,600
10-25

O-TO
9

39

636,300

"•513.5001

10

18
2,047,100

11,569,300?

Total and
averages 82 14,761,700 82 19,872,200

* These cities were all over 25,000 population in 1900.
T The data in this column was obtained for various

years from 1906 to 1912, inclusive, most of it being for
the years 1910, 191 1, or 1912.

! Includes New York and one other city reported as
havinsr no meters.

S Includes New York .nnd six other cities reported as
having no meters.

Considerable interest has been taken during the past
few years in the classification of water consumption.
Figures showing the domestic and trade consumption and

use for other purposes are now comparatively rare, but

will, without doubt, be more |)lenliful in the near future

when their value is more generally .ippreciated.

Fire Protection.—Provision for lire protection con-

tinues to be a consideration of the utmost importance in

municipal water supply. The severe requirements of

adequate fire protection service in certain districts of our

larger cities have led, during the past ten years, to the

development of independent high pressure fire systems to

serve those parts of the city in which the (ire hazard is un-

usually great. These high pressure systems have their

own separate pumping stations, distributing mains and

hydrants, and usually a separate source of water supply,

and are in addition to and entirely distinct from the

ordinary waterworks system serving the same district and

affording some degree of fire protection.

High pressure fire systems are, as a rule, designed

to furnish pressures ranging from 200 to 300 pounds per

square inch. Intermittent operation, large capacity, safety

and reliability in service and the ability to respond almost

instantly to demand are the governing features in the de-

sign of these high pressure systems. The pumping re-

quirements are met by widely different equipment in the

more important installations so far made, showing that

practice has not become standardized. One high pressure

fire service piunping station is equipped with crank-and-

fly-whecl plunger type pumping engines, but, as a rule,

centrifugal pumps are used for this service, either gas-

driven or actuated by motors or steam turbines. The
sanitary quality of water for this service is of no conse-

quence, and the most readily available supply is used

regardless of quality, even salt water being used.

The early installations of this kind were made in 1908

and 1909, New York City and Philadelphia being among
the first cities to make this departure. At the present

time, Baltimore, San Francisco, and Oakland, Cal. , as

well as Toronto and Winnipeg, Canada, have installed

high pressure fire systems.

Equitable Rates, Valuation.—During the decade just

past, there has been a notable movement for State and
national regulation of public utilities where water supplies

have been privately owned, and in some States, where
they are municipally ow-ned, this regulation has operated

to control more thorough examination of the value of the

property devoted to the public use, the proper return to

be afforded it and the just and equitable apportionment of

the income to be raised among the different classes of

consumers. Nearly all of the States now have established

Public Utility Commissions having more or less power
to regulate rates, require uniform accounting, and value

property devoted to the public use. A very few of these

commissions, with restricted powers, existed prior to

1907, but the great majority of them, and notably their

enlarged powers, have been created since about that date.

Inasmuch as these commissions are largely new to their

responsibilities and the subject of rate regulation both in

the economic, financial, and legal questions raised are

admittedly difficult and complicated, their proceedings are

watched with interest, and the subject is now being ex-

tensively studied.

During the decade ending in 1915, the transfer of

water supply utilities to municipal ownership has con-

tinued, though less rapidly than in prior years as the

number of privately owned plants diminishes. Approxi-
mately fifteen million dollars in value of private utility

property in water supply has become municipally owned
since 1905 in the United States, and several large pro-

perties yet remaining in private hands will undoubtedly
be transferred to the public control at an early day.
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METHODS OF WASHING SLOW SAND FILTERS.*

By John Gaub,
Superintendent of Filtration Plant, Washington, D.C.

IN
late years various processes for cleaning the sand

of a filter bed have been advanced ; some partly de-

stroying and others exterminating the filter film on

the bed. These ideas have in some cases caused

trouble and in others only repair. There is no doubt that

the rough treatment of the sand surface, a penetration of

organic matter and filth into the bed cause deep clogging,

which prevents the yield of water, and causes the beds to

become inefficient.

Attempts to reduce the work of cleaning filters are

commendable, because scraping, sand handling and raking

are the items of greatest expense in slow-sand filter main-

tenance ; hence it is the endeavor of the writer to show
what attempts along' this line have been made, both from

an economical and efficient standpoint.

In this countrv it is bad economv to discard the sand

scraped from the filters, for the expense attached to the

preparation of new sand is very high, since it must be

washed free from clay and screened before it is ready to

be placed in the filter. Yet, in Osaka, Japan, the sand

is dredged from the Yodo River opposite the waterworks,
and made suitable for the beds and placed therein for

about 65 cents per cubic yard, a figure so low that no
attempt is made to recover by washing the sand scraped

from the filters.

In handling the sand for slow sand filters several

methods have been tried, each giving results at a small

cost in some places, while in others the contrary is true.

The writer, therefore, compiled tables from plants using

.SI^^'

and run in a stream over the bed to the outlet drain, a

depth of about i inch of flowing water being maintained

over the section to be cleaned. Men in boots agitate the

surface of the sand with long-toothed garden rakes, thus

stirring the dirt from the sand and having it carried away

to the drain. The filter is generally cleaned in sections by

cutting off the part undergoing cleaning from the rest of

Portable Sand Washer Used at Toronto.

these methods, together with their costs. However, be-

fore delving into the methods as practised at the various

plants, a brief description of the methods commonly used

will not be out of place.

The Brooklyn Method.—This method was first used

in 1905 at the Hempstead filters, at Rockville Centre,

Long Island, and consists in lowering the water to a few-

inches in depth above the surface of the sand on the filter.

Unfiltered water is taken from an adjacent filter in service

•.\bstract of paper written for the current issue of the American Water-
rks Association's Journal.

Sand Washer in Use at Toronto.

the filter by boards set on edge and driven down into the

sand, forming a miniature flume with board sides. After

cleaning, the boards are removed to a new position.

When the filter is clean, filtration is resumed. This

method is somewhat costly, in that about i per cent, of

wash water is used. In cases of emergency it has given

good results. M Philadelphia, it is reported that with 14

men and a foreman a three-quarter acre bed can be cleaned

in eight hours and that such a bed will be out about nine-

teen hours a month.

Sand Washing Machines.—These machines are re-

cent additions to the washing apparatus used in slow sand

filters. They began their existence about 1909, when the

Washington plant adopted the "ejector washer" system.

Previous to this time the dirty sand, after

being scraped, was shovelled into portable

ejectors on the beds, to be thence forced by

water pressure through pipes to stationary

sand washers. After Ijeing washed, the sand

was discharged into storage bins, from which

carts driven underneath may be loaded, and

the sand carried to the filter and placed.

The Blaisdell Machine.—This machine

may be described as a travelling crane span-

ning a filter unit and supporting a watertight

rectangular chamber containing the machinery

necessary, and provided with means for lowering this

chamber to the sand surface and travelling over the filter

while the process of washing is in progress. The chamber

wherein the washing takes place may be raised so as to

clear the rim of the filter and thereby remove the machine

to another filter.

.4bout two inches above the sand or bottom of the

sand chamber there is a plate or diaphragm dividing the

washing chamber into two compartments placed above

each other; the lower, used as a suction chamber from

which the dirty wash water is withdrawn, contains stirrer
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wliecls mounted on vertical shafts; the upper contains the

driving mechanism lor the stirrer wliecls and also the

pressure and suction pumps.
From the stirrer wheels, in the lower chamber, sup-

ported on vertical shafts above the sand, numerous teeth

project into the sand to any desired depth. The teeth are

iiollow and perforated in order to create a water jet action

from the supply delivered by the pressure pump. The
water for the pump is taken from the water on the filter,

while at the same time a suction [Jump joined to the top

chamber withdraws not only all the water the pressure

pumps supply through the perforated teeth, but also an

additional amount from the filtered water in the sand. In

operation, the teeth scour the sand, while the wash water,

by its jet action, drives the dirt into the suction chambei

and the clear water stored in the filter bed is drawn into

the washing zone by the excess suction over the pressure

supply, and the wash water is pumped from the supply be-

fore the machine passes a given point. The chamber is

placed close to the surface of the sand by shoes extending

in advance and to the rear of the front end back plate,

while the side plates cut down into the filter sand.

The pressure water rises through the disturbed sand

zone and is displaced by the inrush of clear water, the up-

ward current of which occurs well toward the centre of

disturbance created by the teeth and covered by the suction

chamber. The sand is forced apart by the teeth, and' as

they return the strong upward current of wash water

causes a temporary suspension and churning action within

the suction chamber. During this time the dirt and light

particles are brought to the surface and withdrawn with

the wash water. The sand in suspension settles after the

violent upcast subsides, so that when the sand comes to

rest it is uniformly water packed and free from air. The
wash water from the machine is discharged to a gutter

formed generally in the part} wall between filter units.

The wash water mav be so controlled that sizing may be

done by working all very fine sand to the surface and re-

moving that which is too fine from the filter. This sizing

is done by increasing the duty of the pressure and suction

pumps so as to secure a downward velocity by which to

hold the sand in suspension.

All of the operations of this machine are controlled by

separate motors which are operated from a platform.

Generallv there are six motors mounted on the machine

with variable speed controllers. With this machine it is

possible to wash a bed of an acre in about twelve hours,

and in about fifteen hours the bed can be in service, allow-

ing three hours for closing valves, etc.

The Nichols Washer.—This machine has been in

use since 1910. It enables the operator to wash the sand

on the filter without removing it from the bed, thereby

saving not only in wash water, but also in labor, etc. ; in

other words, the total saving being about 35 per cent, of

what it would cost to use the old method of scraping, re-

moving, washing and replacing the sand. Briefly, the

machine consists of an inverted cylinder inside a closed

jacket. The dirty sand is fed into ejectors in the usual

way, and the wash water with the sand and dirt passes

through the machine. The water strikes the side of the

cylinder, and the sand being heavy drops to the bottom

and passes through a nozzle on to the filter, .^bout 2 per

cent, of fine sand passes out with the water and dirt to

the court where it generally settles while the debris goes

to the sewer. It has been shown at some places that it is

possible to clean 10 cubic yards per hour using t,200

gallons of water per cubic yard, whereas by the old

method 2.S00 gallons of water were used, .\gain, at some
olaces thi'; machine has been modified, in that several

sprays of water jjlay on the sand within the machine; also

more bafTles have been added, thus causing a belter wash

for the sand.

Methods of Washlnji Sand at Various Plants.

Washington, D.C— Until 1909 the tilters were

scraped and the sand piled, and then removed by ejector

and one or more lengths of hose to the sand washers.

After the sand was washed, it was discharged into storagi

bins from which carts were loaded and the sand brought

to the desired place on top of the bed, and there dumped
and spread evenly. After 1909 the hydraulic method nl

replacing was used, whereby an ejector is placed under-

neath the outlet gate in the storage bin, and the sand is

carried in a reverse direction from the bin through piping

and one or more lengths of hose to the bed. This process

has decreased the cost of resanding and has proved very

satisfactory in every way. This method has been used or

tried in several places with more or less good results. At

Washington the filters are resanded as follows : The
filters are filled with water to the desired depth of the sand

layer. The outlet end of the hose is joined to a 3-inch

pipe supported on a boat, and the sand is discharged

through the pipe at the point required. Generally work
is begun at the far end of the filter, and is gradually filled

by swinging the boat from side to side and backing it by

degrees to the front end. By this method the sand has

no tendency to separate into different sizes, if the dis-

charge has a slope of about 40 to 45 degrees from the

horizontal. By this position of the discharge pipe the old

surface of the sand is cut and moved ahead with the new
sand, thus breaking up the possibility of forming a mud
layer between the old and new layers.

The average cost of scraping is $0,096 per cubic yard,

or $0.07 per million gallons, or $16.08 per acre. The cost

of raking is $0,042 per cubic yard, or $0.03 per million

gallons, or $6.64 per acre. The cost of ejecting, washing
and transporting is $0,168 per cubic yard, or $0.11 per

million gallons, or $28.32 per acre. The cost of replacing

is $0.08 per cubic yard, or $0.06 per million gallons, or

about $13.10 per acre.

The movable sand ejector is' novel for two reasons r

(a) The water for making the sand into suspension is

brought up from the bottom) and rises as the sand is

shovelled into it, thus producing a mixture having more
sand in proportion to water, [h] The discharge ends of

the ejector are made like the discharge end of a Venturi

meter, with a flat batter. The economy herein lies in the

fact that use is made of the velocity head in the throat,

which is lost with the batter made in the usual way.

The sand washer used here differs from the usual type

of washer, in that the mixed sand and water fall into the

hopper. From the hopper there is a free opening to a

chamber formed by a globe casting. A second jet of water

enters this chamber near the bottom, and is carried into

the throat of the ejector with the sand as it leaves the

hopper. The sand settles through the water into the

chamber and is separated from all dirty water which came
with it. The hopper usually used dilutes the dirty water

in the sand, but the one devised at \\'ashington makes a

complete separation.

Toronto, Ont.—.Sand is washed by a portable

washer. .A.fter being scraped in piles it is put into an

ejector box from which it is carried to the washer. In

the washer it passes through sprays of clear water, and

by the action of baffles, falls to the bottom, where a

strong sprav drives it out through a hose, which distri-

butes the clean sand on the filter. The wash water used

is about J/i per cent, of the net yield of the filter. The
wash water passes up to the top of the washer, then down
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to a 3-inch drain which connects with a 36-inch drain.

The cost per cubic yard of sand, washed and replaced,

including washer pump, handling sand, repairs, etc., is

about $0.61.

Denver, Col.—The sand is conveyed from the filters

to the washer through an ejector and sand line of hose at

a pressure of about 150 pounds. In this plant the ejector

method of replacing was tried, but owing to the stratifica-

tion, was abandoned. The cause of stratification probably

was a too high uniformity coefficient of the sand as it left

the washer. The sand is replaced from dump cars, the

cars being loaded by hand, hauled to the side of the bed

by horse power, dumped, reloaded into side-dump cars,

pushed by hand to the place desired, dumped and spread.

This is very costly, but owing to the thoroughness of

mixing, it appears to be the best in the end. The total

cost per cubic yard for cleaning and washing the sand on

a bed is about $0.73.

New Haven, Conn.—Here the water is drawn off

and the sand piled, and wheeled to the hopper and carried

to the washer by hydraulic means. From the washer the

sand goes to a receiver in the bed having the lowest depth

of sand, in which it is spread around and allowed to ac-

cumulate until the maximum depth of 40 inches is reached,

when the apparatus is put into the next bed having the

least depth. By this process about 5 cubic yards per hour
can be washed, using about fifteen volumes of water to

one of sand. The cost of cleaning per acre is about $75,
not including the cost of water, .\bout 60 cubic yards of

sand are removed per cleaning, making the cost per cubic

yard about $0.43.

Lawrence, Mass.—The sand is ejected to a set of

three hoppers outside the bed. The sand from the last

hopper is ejected to a large box having a weir which holds

back the sand and permits an overflow of waste water.

The sand is then shovelled out from the box down one of

the ventilation holes for distribution on the bed. The cost

per cubic yard is about 2^ cents. It is claimed at this

plant that the wheeling' of the sand to the desired place

and casting insures proper mixing, while the use of water
pressure causes stratification due to the uniformity co-

efficient of the sand.

Wilmington, Del.—.\t this plant a very good ex-

ample of the Blaisdeil machine is seen. The machine is

used for raking and washing' the sand on the beds. It

was expected that the cost of sand washing, etc., would
not be greater than Si per million gallons. However,
since the plant requires intelligent superintendence at all

times, and skilled mechanics for operating the washing
machine, and notwithstanding that the machine is idle

about 70 per cent, of the available working time, the cost

has been a little over the expected cost. The total cost

per million gallons is approximately $1.23.

Conclusions.—Each method has its advantages and
disadvantages. The Blaisdeil machine is very economical
in that the time in which a filter is out is practically at a

minimum ; however, the days in which the filter is operated
after the wash are somewhat at a minimum also. .\s for

total yields the process practised at Washington appears
to show up better. From a standpoint of duration in days
the Washington methods are the best and cheapest.

From the experiences at the various ^slants cited it is

seen that much improvement in sand handling has been
in progress, especially in building machines.

The cost of cleaning a filter by machine has not been
reduced below that for cleaning and replacing sand bv
the improved hydraulic processes. The uniformity co-

efficient of the sand is an important factor to consider
when hydraulic processes are used.

THE MAPPING OF CANADIAN CITIES.

By Douglas H. Nelle.s, D.L.S., M.Can.Soc.C.E.

(Concluded from last week.)

IT
will be seen from the first part of this article, which

appeared in last week's issue, that in order to have a

standard set of city maps with a standard degree of

accuracy, and made in the most economical manner
possible, there should be a special branch of a Dominion
Government surveying department, organized on a strictly

business basis, for the purpose of making maps of

Canadian cities.

A 1/10000 Scale Map.—As mentioned in the Intro-

duction, there should be a smaller scale map published

besides the i/iooo scale suggested. For the second set

of maps a natural scale of i/ioooo is suggested. This

is the scale upon which the Geodetic Survey of Canada
is publishing the topographic maps of the Thirty-one-

Mile Lake watershed, Quebec. It is the standard scale

of the United States, Coast and Geodetic Survey for

harbor surveys, etc. Their field instructions read as

follows: "For all general coast topography in new
regions, unless otherwise specified, a scale of 1/20000 will

be used. Larger scales, such as i/ioooo, and, in excep-

tional cases, I '500, are to be used for special harbor

surveys where the amount of detail or the importance

of the locality warrants."

-A^s before mentioned, the whole of the United King-
dom of Great Britain and Ireland is inapped upon a

I / 10560 scale. The city of Cincinnati is now publishing

a smaller scale of wall-map on a scale of 1/14400. The
i/ioooo maps would be published in sheets, representing

five minutes in latitude and five minutes in longitude,

which measures, on the ground, four miles east and west

and five miles 4,000 feet north and south. On paper,

the topography would cover a space of 25^3 inches by

36J4 inches. If 144 square miles were to be taken for

the proposed Federal District of Ottawa, six of these

sheets would cover the district, and if mounted on linen,

would make a wall-map six feet and five inches wide

and six feet and one inch high.

The 1/1000 Scale Map,—The topography on the

published sheets of this scale would cover as much pajjer

as that of the i/ioooo scale, and the bounding lines

would be parallels of latitude and meridians of longitude,

and enclose thirty seconds of each, which would measure

on the ground a space 2,100 feet wide and 3,050 feet

high.

On this scale the convergence of the meridians could

not be shown. The latitude and longitude lines which

would form the boundaries of the topography would,

therefore, be drawn at right angles to each other. The
projection lines of the sheet, for the convenience of

making measurements from it for engineering purposes,

would be latitude and departure lines, drawn one thou-

sand feet apart, and having for their zero some geodetic

triangulation station.

This particular size sheet is chosen for two reasons :

first, to cheapen the cost of publishing the i/ioooo scale

maps ; and secondly, to give a universal system of nuni-

bering the sheets which would be applicable anywhere

in Canada. It would take just too sheets of the I'looo

scale to make one sheet of the I'loooo scale. They
would, therefore, be numbered from one to a hundred,

and the number of the I'loooo scale sheet attached, as

well as that of the degree sheet of the Canadian standard
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lojH>i;rapliical niiip on ;i scale of four miles lo an inch.

Ii woulil take 144 i/ioooo scale sheets to make one

ilegrcc of latitude and longitiuie, so that they would be

numbered from one to 144, and the number of the degree

sheet of the standard topographical map attached. This

method of numbering maps would give a universal

system, so that the number of any sheet, on any scale,

anv place in Canada, would always be fixed.

Mathematical Publications.—Besides publishing the

map upon two scales, there would be what the writer

calls "Mathematical Publications." They would be issued

in pamphlet form, similar to what are called "Publica-

tions of the Dominion Observatory," in which are issued

the astronomical results obtained at the Observatory,

and also the results of the operations of the Geodetic

Survey of Canada. Of these latter, there have been five

publications issued, embracing the results of the Geodetic

or Precise Levelling Division, which can be obtained

by application to the superintendent of the Survey at

Ottawa.
The mathematical results of a city survey would be

as follows: First a list of all triangulation stations, their

descriptions, elevations, latitudes, longitudes, azimuths

and back azimuths, distance between stations and their

logarithms, latitude and departures from the station

chosen as the zero point for the co-ordinates of the map,

and a map of the triangulation. Secondly, a list of all

traverse stations containing their latitude and departure

from a chosen triangulation station, the bearings of

courses, elevations above mean sea level, and their

descriptions. Thirdly, a list containing all the survey

liench-marks, and also all the old city bench-marks,
together with their descriptions and elevations above

mean sea level.

Besides the city being supplied with the two sets of

maps and the mathematical publications, they would also

be given a duplicate card index system similar to the one
kept by the surve)'.

From these published results of the traverse the dis-

tance and azimuth between any two stations in the \vhole

district could be computed accurately. They could also

be authorized by a special act of legislature to act as
the bases for land surveys and be used in the description

of property. In this case it would be necessary for the

city to employ upon its engineering staff a Provincial

Land Surveyor. In any case it is good business policy

of any city to have a Provincial Land Surveyor upon its

staff. A recent mayor of Ottawa some years ago stated

that the city paid out more than enough money for the
services of surveyors in settling infringement and other
cases than would pay the salary of a permanently en-

gaged surveyor.

A Great Saving in Cost.—It will be seen from the
mathematical publications used in connection with the
maps that the civil engineer will be abe to make a close

calculation as to the cost of any engineering project that
is put forward without being put to the trouble and
expense of costly preliminary surveys.

.A,s an example : When the Ottawa Federal Plan
Commission got down to work they found it necessary
to spend the sum of $7,000 in rough preliminary surveys,
none of which would have been necessary if they had
had to their hand the published information outlined
above, .^gain, the city of Ottawa has spent for reports
upon its water problem, since the year 1904, a sum in

the close neighborhood of $120,695, according to a de-
tailed list furnished through the city auditor. It is safe

lo say that half this sum could have been saved on the

surveys made by the "water experts" if they had had

a published topographical map of the city and sur-

rounding district. It is also probable that a saving could

have been made upon the other half by not finding it

necessary to get the advice of .so many experts. Many
other cities are probably in much the same position as

Ottawa in regard to the cost of various engineering

works.

Having followed the paper through this far the

reader will have arrived at the conclusion that the writer

is strongly in favor of having the map-making of the

Canadian cities done by the Dominion Government, in

order that the whole work may be properly systematized

and cost kept down to the lowest possible point. When
precise surveying of any kind is undertaken the cost of

instruments mounts up pretty high, a sum much higher

than it would be advisable for individual cities to invest

in instruments which would be used very seldom after

the mapping was finished. A primary triangulation in-

strumental outfit for one party costs about $1,800. A
geodetic level instrumental outfit for one party costs

about $400, other classes of work in proportion.

Cost of City Maps.—.An estimate has been made of

the cost of the field work for an Ottawa city map on a

I '1000 scale as described which comes to $1.55 an acre

for an average of an area embracing 144 square miles.

The city of St. Louis map on a 1/2400 scale cost $11.15
an acre. The map of London, England, on a 1/1056

scale, as per illustration, cost $3-25 per acre.

METHODS OF SURVEY IN DIFFERENT CITIES.

The memorandum on the survey of London on a

I 1056 scale and the memorandum on the revision of

the survey of Ivondon on a 1/2500 scale were supplied

to the writer by the Director-General of the Ordnance
Survey of Great Britain.

The memorandum on the Survey of St. Louis is con-

densed from a paper published in the transactions of the

American Association of Engineering Societies January,

1893, ^y ^- H- Colby, First Assistant Engineer in

Charge of Surveys, Sewer Department, St. Louis, Mo.,
Member Engineers' Club, of St. Louis.

The memorandum on the Topographic Survey of

Cincinnati is condensed from a paper published in the

"Engineering News," April 3rd, 1913, by Hugh C.

Mitchell, Engineer in Charge of Topographic Survey,

Cincinnati, Ohio, formerly Assistant and Computer,
United States Coast and Geodetic Survey, Washington,
D.C., and also from information by Mr. W. N. Brown,
of Brown &: Clarkson, topographic engineers, of Wash-
ington, D.C. , who had the contract from the city for the

topographic part of the work, and from H. S. Morse,
Engineer in Charge, Division of Sewerage, city of

Cincinnati.

MEMORANDUM ON THE SURJ-EY OF LONDON.
SCALE, 1/1056.

Trigonometrical Work.—Points on high buildings

directly connected with the main triangulation of the

country are fixed and permanently marked. These points

are about three-quarters of a mile apart. From these

points others on the ground level are fixed about one-

quarter of a mile apart and are permanently marked.

These ground level points, marked by a metal bolt

let into the pavement or road surface were chosen with

a view to facilitate direct chain survey between points,

and were fixed from the stations on the lop of buildings
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Portion of Specimen Sheet of Proposed Canadian City Map. Scale, 1/1000. Surveyed and Drawn
by C. R. Westland, B.Sc, D.L.S.

by using a tall pole, 60 feet high, plumbed over the

selected point.

When the original trigonometrical worli was ex-

tended in 1909-10 the points fixed trigonometrically were

somewhat further apart, and intermediate points at the

junction of roads and other suitable places were fixed

by traverse with theodolite and steel chain, the per-

missible error in traversing being i 4000.

Organization.—A trigonometrical party consists of

one observer and three laborers. A traverse party con-

sists of one observer and three laborers.

Cost.—From 7j^d. to is. 5d. per acre, dependent

largely on interruptions due to traffic. A traverse party

should traverse i J4 miles per day.

Detail Survey.—This hangs on the traverse, and is

carried out with a steel chain of 100 links and an offset

rod of 10 links. Permissible error in chaining, 2/1000.

No offset exceeds 20 links.

Organization.—A detail party consists of one super-

intendent, seven surveyors and eight laborers. Such a

p.irty would survey 10 acres per day.

Average Cost.—7s. per acre. Subterranean detail

is not surveyed.

Examination on the Ground.—The plans having been

plotted in pencil on paper (hand-made from pure rags) are

traced. The traces are examined on the ground, corrected

where necessary, and minor detail and names added to

them.

Organization for Examination.—One superintendent,

four examiners, and five tape boys. The superintendent

finally examines the work already examined by the men

of his party. Such a party would examine about eight

acres per day.

Average Cost.—5s. per acre for field work; is. per

acre for plotting and tracing.

Levelling.—The levelling is based on the main net-

work of the country ; 8 or 9 lineal miles of levelling for

,

every square mile of country is given for town plans (5 or

6 km. per square km.). Bench marks are cut in the walls

of the houses about 120 meters apart, and surface stations

given at the junction of roads, and highest and lowest

points on roads, at sudden changes of grade and at least

one every 40 meters. This is probably more than is

necessary.

Cost.—Cost per lineal mile depends on the density of

traffic and on the weather. For London, about 2id. per

mile, including levelling in the field, and calculating and

plotting in the office, and all incidental and established

charges, say, 6jjd. per acre.

Organization.—The field levelling parties are inde-

pendent of the detail surveyors and of each other, each

party consists of one leveller and two assistants. They
work all the year round in the field and should do nearly

a kilometer a day.

Office Work.

Drawing.—The size of the plans is 36 inches by 24

inches and the scale 1/1056. The plans already plotted

in pencil are corrected by the traces that have been ex-

amined on the ground, drawn in ink and the names of the

streets typed.
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Average Cost of Drawing and Typing is is. 6d. per

acre, or ^,'11 los. per plan representing 153. t) acres.

Examination of IMan.—The plan is examined as to

correctness of detail and names, etc. .'Average cost, £1
per plan.

Reproduction.—.V zinc plate is produced from the plan

by the X'aiidyke process. Average cost, 6s. per plan.

Printing.—The cost of printing an edition of 50 copies

is £2 7s. 6d. per plan.

Per Per plan of

acre. 153.6 acres.

Recapitulation of costs. s. d. £ s. d.

Trigonometrical and traverse work.. 10 7 13 o
Detail surveying 7 o 53 15 o

Plotting and tracing i o 7 13 o

Examination on the ground 5 o 38 8 o

Levelling 6 J^ 4 3 o
Drawing and typing i 6 11 10 o
Examination of plan i o o

Reproduction 6 o
Printing 50 copies 2 7 6

126 15 6

Sale price, 2s. 6d. per copy.

The cost of the survey was borne partly by H.M.
treasury and partly by the Metropolitan Board of Works,
who received as many impressions as they required at is.

per sheet, when originally issued. The price of the issue

now is 2s. 6d.

The ordnance survey does not revise the survey of

London on this large scale but confines its revision to that

on the scale of 1/2500 and smaller scales.

Revision on the 1/1056 scale of parts of London is

carried out by the Land Registry Office, London, who
could supply details as to their organization and the costs
of keeping the 1/1056 plans up to date. Only the draw-
ing and printing is carried out by the ordnance survey for

the Land Registry Office, and the costs of these services

are similar to those already detailed in connection with
the original survey.

MEMORANDUM ON THE REVISION OF THE
SURVEY OF LONDON. SCALE, 1/2500.

Preliminary.—Accurately drawn plans on the 1/2500
scale exist, having been reduced by photography from the
1/1056 scale revision of 1891-95 and redrawn on 1/2500
scale on hand-made paper. Size of plan, 37.00 inches by
26.34 inches.

Although drawn some eighteen years ago, these plans
have retained their size within the limits that permit of
of their reproduction by photography to true scale size

with no greater error than 10 links in 120 chains.

A plate, true to size having been produced, an im-
pression in blue on hand-made paper is made and retained
in the drawing office to form the basis of the revised plan.

Red impressions on tracing paper are pulled at the
same time. These are cut to a convenient size and revised
on the ground.

Revision.—The revision cancels obsolete detail with
black crosses, supplies new detail in black on the trace,

and adds names of streets, etc.

The final reviser examines the revisers' work, and
makes any necessary corrections in green ink.

Organization for Revision.—One superintendent, 3
revisers, and tape boys as required. The superintendent
finally revises the work of the revisers.

Such a parly will deal with 20 to 30 acres of town

work per day, on an average in the largest cities in this

country revised after an interval of about 20 years. For

Canadian work, say, 40 to 60 acres.

Levelling.—Levelling is detailed in the accompanying

memorandum on the survey of London.

Drawing.—On the return of the Iraees from the field

the blue impression is drawn and typed from them.

The blue lines of the old detail that still stand good

are inked over in black, new detail is transferred from the

traces to the blue impressions and inked in. The obsolete

detail being left in blue will not reproduce either by Van-

dyke process or photo-zincography. The plans are

especially finely drawn with a view to photographic en-

largement and publication on a 1/1250 scale as well as on

1/2500 scale.

Progress at Drawing.—Each plan represents 960
acres and in dense town w-ork the rate of drawing is from

16 to 20 acres per man per day.

In Canadian towns, where detail is straighter and

more regular than in London, greater progress could be

expected.

In areas where the percentage of new buildings is

great revision methods are not sufficiently accurate and

survey methods, as detailed in the accompanying memo-
randum, are resorted to. The traverses start from, and
close on trigonometrical points used on the previous

survey.

MEMORANDUM ON THE SURVEY OF ST. LOUIS.

Triangulation.—The location of stations were for the

most part, places owned by the city, such as public parks,

school-house grounds, engine houses, police stations,

waterworks, reservoirs, conduits, hospitals and cemeteries.

After these, streets and alleys, and lastly, roofs of public

and private buildings.

The instruments used were : Gamv 8-inch transit

reading to 5 inches ; Gamy 8-inch reading to 10 inches

;

Buflf and Berger 8-inch reading to 10 inches.

The method of observing was that of repetitions, four

sets of five repetitions each were taken, making 80
measures of each angle.

The average closing error was 03 ".7 per triangle.

The adjustment of the system was made by least

squares.

A pole painted alternately black and white was used
for sighting on at first, but a i-inch heliograph was used
on the majority of stations. The average closing error of

triangles in which the pole was used was 4.6 ins. and
where the heliograph was used, was 2.7 ins., bringing the

mean to 3.7 ins.

The number of stations was 87, making one station

to 319 acres, or two stations to each square mile. There
were 26 stations situated upon the roofs of buildings and
two-thirds of the angles were from these roof stations.

Precise Levels.—The make of the level was Fauth &
Co., with Kern rods.

The number of bench-marks was 743, an average of

12 per square mile.

The location of bench-marks was distributed over the

entire city for use of all departments of municipal govern-

ment and also for city surveyors. An up-to-date list is

issued each year by the sewer commissioner, which any
person can get. Bench-marks are located on stone or

iron sills of buildings, stone bridges, culverts, city limits,

triangulation stones, and some are copper bolts leaded in

tile slabs, buried below frost line, and connected with the

surface by tile pipes.
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The length of lines up to January, 1893, was 240

miles. The average length between benches was 484
meters or 1,588 feet.

The average closing error per mile was 0.009 feet.

Topography.—The scale of the map was i in = 200

ft. ; contour interval, 3 ft. ; size of sheet, 28 x 50 ins.

IWethod.-^The triangulation stations were used as

starting points and the topography taken by transit and

stadia. The direction of all lines and side shots were

astronomical bearings.

Cost.—Topography, $20,503.59, $0,732 per acre;

precise levels, $10,890.31, $0,277 P^"" acre; triangulation,

$4,079.43, $0,145 P^^ acre; total cost per acre, $1,154;

cost of sewers per acre, $638.

MEMORAXnUM ON THE RE-SURVEY OF THE
CITY OF CINCINNATI.

Triangulation.—Main stations are especially built,

tripod and scaffold signals with flag pole. These rest

either on the ground or on some solid building. In this

city the public school buildings afforded good location for

these tovi'ers. Several of the primary stations were spires,

cupolas, or flag poles on prominent buildings, occupied

eccentrically.

The lines of primary triangulation were i J^ to 9
miles in length, the measured base line being i J2 miles

long, and in addition to this measured base the scheme
was tied on to the United States C. and G. S. transconti-

nental triangulation net along the 39th parallel by occupy-

ing two of their stations, and using their computed length.

The intersection stations were spires and chimneys
mostly, there being one of these stations to every two or

three square miles.

No connections were made with city surveys, but

direct connection made between triangulation stations and
measured traverses by observing at least three angles

to the triangulation stations from points on the traverse.

The instruments used were a 12-in. direction theodo-

lite used in 1,6 positions of its circle, and a lo-in. repeat-

ing theodolite with which each angle and its explement

were measured in sets of six D and six R, five sets being

taken. Limit of rejection for direction instrument 5 ins.

Limit of rejection for repeating theodolite 4 ins. from

mean.
This primary triangulation was done according to the

specifications for orimary triangulation of the Coast and
Geodetic Sur* c\

.

There were 17 primary, 2 secondary and 50 tertiary

stations, and the average triangle closing error was 2". 61.

Traverse.—Traverse lines were run with a steel tape

and transit. These traverses were from 3,000 to 5,000

feet apart and have stations every 800 feet or less along

their lines.

The traverses were controlled horizontally by triangu-

lation and vertically by precise levels. The average clos-

ing error was 0.37 feet in i,ooc feet, which is a ratio of

I 3000.

Levels.—Precise levels were run over an area of about

100 square miles and in this district 145 lineal miles were
run and 217 bench-marks placed.

A Coast and Geodetic Survey precise level was used

and their methods followed throughout.

The bench-marks were bronze caps, on iron pipes,

set in concrete, and were placed in pairs, with the idea of

always running wye levels from a pair, and thus guarding

against using a bench-mark which had settled or other-

wise changed.

Wye levels were run over all traverse lines and con-

nected with P.L.B.M.'s and checked upon precise level

bench-marks.
The average wye level's closing error was 0.031 feet

per mile.

Topography.—The plane-table was used altogether in

mapping the topography which varied from river flats to

very steep hills several hundred feet in elevation.

The plane-table work always started from a traverse

station and ended at a traverse station, and the line was
required to close to within five feet, which is as close as

can be measured on a 1/4,800 scale. Marks were always

left at each plane-table station so that if the line did not

close properly, each course could be checked, and the sur-

vey adjusted.

The scale of the map is one inch equals 400 feet, or

a natural scale of 1/4,800. The contour interval is 5 feet,

except that on slopes of less than six degrees the zyi-ioot

contour was put in.

It is the intention of the city to publish a reduced
wall map on a scale of one inch equals 1,200 feet, or on

a natural scale of 1/14,400.

Purpose of the Map.—The purpose of the topographic

map is for use in both the Department of Public Service

and the Park Department, for the preliminary location

and estimates for sewerage, streets, viaducts and park-

ways.
Before the map was completed it was utilized to ad-

vantage for all those different purposes. In addition to

this, a newly organized survey for a rapid transit system

in the city made tracings from the sheets, so that they

could proceed at once with the preliminary location and
estimate.

METALS USED IN SHELLMAKING.

The following figures, taken from "Conservation,"

the official organ of the Canadian Commission of Conser-

vation, furnish a comparison between the quantities of the

different metals used in the manufacture of the 22,000,000

shells, for which orders have been placed in Canada, with

our production of such metals in 1913:

—

Steel used, 400,000 tons. In 1913 it was estimated

that the production of iron ore in Canada, 307,634 tons,

did not exceed 5 per cent, of the country's requirements

of iron in that year.

Zinc used, contained in brass, 11,200,000 pounds.
No zinc was refined in Canada in 1913 but the exports of

metallic zinc in ore shipped amounted to slightly over

7,000,000 pounds.

Copper used, 55,000,000 pounds. The total produc-
tion in 1913 was about 77,000,000 pounds and all of it was
exported for refining.

Lead, 101,760,000 pounds. The production in 1913
was about 37,665,000 pounds, of which over 97 per cent.

was recovered as refined lead.

.A.bout 32,000 tons of steel were placed in the Quebec
bridge in somewhat over six months, during 1915. The work
included the erection of the falsework on the south shore,
the south 515-ft. cantilever arm and main posts, part of the
north anchor arm and the 580-ft. north cantilever arm. .A.bout

44,000 tons, of the total 63,000 tons of steel in the bridge,
have been erected. The double pins at the joints, driven in

two or three minutes each, the extreme accuracy of the shop
work, the yard-assembly reaming and the excellent field

.tppliances, including flying falsework and electrically operat-

ed travelers, all contributed to rapid work. While the record

day's tonnage in igi4 was 410 for one traveler, in 191 5 the

figure was 670.
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EXAiMINATlON 01- BITUMINOUS ROAD
MATERIALS.

THE United States Office of Public Roads has issued

a bulletin, written by Prdvost Huijbard and Charles

S. Reeve, on methods for examination of bitu-

minous road materials. For the purpose of ex-

amination, the bulletin says road materials may be classi-

fied as follows :

—

1. Petroleums and petroleum products, including heavy
distillates, malthas, residual petroleums, fluxes, oil-asphalts,

and fluxed or cut-back oil-asphalts.

2. .Asphalts and other solid native bitumens, and as-

phaltic cements produced by fluxing them.
3. Petroleum and asphalt emulsions.
4. Tars and tar products.

5. Mixtures of tar with petroleum or asphalt products.
6. Bituminous aggregates, including rock asphalts or

bituminous rocks, bituminous concrete, asphalt block, and
bituminous topping.

All petroleum, maltha, and solid native bitumen pro-

ducts are subject to the following tests:

—

Specific gravity.

Volatilization at 163° C.
Bitumen soluble in carbon disulphide.
Bitumen insoluble in 86° B. paraffin naphtha.
Fixed carbon.

Of these types the very fluid and sometimes the more
viscous products may be subjected to the viscosity, flash,

and burning-point determinations. Very viscous ma-
terials, too soft for the penetration test, are subjected to

the float test, and semi-solid and solid products to the

penetration test. If the material is sufficiently hard at

ordinary temperatures, a melting-point determination may
also prove of value. Sometimes two or more of the above-

mentioned tests, depending upon the character of the ma-
terial and the use to which it is to be put, may be made
to advantage on a single material. When for any reason

it is suspected that the material under examination has

been overheated and possibly injured during process of

manufacture, or prepared from a solid native indurated

bitumen, the determination of bitumen insoluble in carbon

tetrachloride may be made. The paraffin scale determina-

tion is made on those materials which are to be identified

as being partly composed of heavy paraffin hydrocarbons.

The residue obtained from the volatilization test is usually

subjected to either the float or penetration test, and in

addition it may be subjected to any or all of the above-

described tests as occasion may require.

Tar and tar products are subjected to the following

tests :

—

Specific gravity.

Distillation.

Bitumen soluble in carbon disulphide.

Petroleum and asphalt emulsions are subjected to

some of the methods of examination applicable to fluid

and viscous residual petroleums and also to the following

tests :

—

Determination of water.
Determination of ammonia.
Determination of fixed alkali.

Determination of fatty and resin acids.

In addition, the viscosity test may be employed for

fluid products and it is highly desirable that the float test

be made on all of the viscous and semi-solid tar products.

The more or less solid refined tars or tar pitches are also

subjected to the melting-point determination. Mixtures

of tar and petroleum or asphalt products arc in addition

subjected to the dimethyl sulphate test.

Some exceptional materials can not be satisfactorily

examined according to any one predetermined scheme,

and at the present lime this matter must Ijc lift to llit

judgment and experience of the analyst.

Bituminous aggregates arc first of all examined for

the percentage of bitumen soluble in carbon disulphide.

If the amount is in excess of 5 per cent., an extraction is

then made on a large sample and the recovered bitumen
is examined according to one of the above-mentioned
schemes if it can be identified, or, if not, it is subjected 10

those tests which are of most value as suggested abo\e.

The extracted mineral aggregate is usually quantitatively

graded and, if it is to be used or has been used as an

integral part of the road proper, its percentage of voids

is sometimes determined.

Special attention is called to recent modifications in

the penetration test, determination of fixed carbon, and
determination of paraffin scale, and to the substitution of

different methods for the old distillation tests and for

determination of voids in the mineral aggregate.

Penetration Test.—The object of the penetration test

is to ascertain the consistency of the material under ex-

amination by determining the distance a weighted needle

will penetrate into it at a given temperature. A standard

needle is employed for this purpose and this needle is

usually weighted with 100 grams. The depth of penetra-

tion is determined upon the bitumen maintained at 25° C,
while the load is applied for five seconds. This test is

made on all semi-solid and solid oil-asphalts, asphaltic

cements, and native asphalts, but seldom on tar products.

It is also often made on the residues of materials sub-

jected to the volatilization tests, when sufficiently hard.

Fixed Carbon Test.—One gram of the material is

placed in a platinum crucible weighing from 20 to 30
grams and having a tightly fitting cover. It is then

heated for seven minutes over the full flame of a Bunsen
burner. The crucible should be supported on a platinum

triangle with the bottom from 6 to 8 centimeters above
the top of the burner. The flame should be fully 20 centi-

meters high when burning freely, and the determination

should be made in a place free from drafts. The upper
surface of the cover should burn clear, but the under sur-

face should remain covered with carbon, excepting in the

case of some of the more fluid bitumens, when the under
surface of the cover may be quite clean. The crucible is

removed to a desiccator and when cool is weighed, after

which the cover is removed, and the crucible is placed in

an inclined position over the Bunsen burner and ignited

until nothing but ash remains. Any carbon deposited on
the cover is also burned off. The weight of ash remain-

ing is deducted from the weight of the residue after the

first ignition of the sample. This gives the weight of the

so-called fixed or residual carbon, which is calculated on

a basis of the total weight of the sample, exclusive of

mineral matter. If the presence of a carbonate mineral

is suspected, the percentage of mineral matter may be

most accurately obtained by treating the ash with a few

drops of ammonium carbonate solution, drying at 100°

C, then heating for a few minutes at a full red heat,

cooling and weighing.

Owing to the error introduced by the presence of

considerable quantities of free carbon, reliable results

cannot be obtained with tars by this test.

Paraffin Scale.—The method of determination of

paraffin scale is fully described in the bulletin, and it is

stated that the test may be made on all native bitumens

and their products which are suspected of being of a

paraffin nature. The authors state, however, that it is not

an extremely accurate determination, and is seldom em-
ployed by the Office of Public Roads.
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RIDEAU RIVER INTERCEPTING SEWER

By L. McLaren Hunter, C.E.,

City Engineer's Department, Ottawa.

IN
designing the Rideau River intercepting sewer, it

was important to adopt such a route and grade as

would permit of its convenient incorporation in the

main drainage scheme which must be provided
eventually for the whole city of Ottawa and its suburbs.

The new interceptor is to serve that part of the cit -

lying between the canal and Rideau River, extending from
an upstream limit along the canal, to the vicinity of

Hurdman Road and Gladstone .Vvenue, or rather, to the

boundary of the area naturally tributary to the Somerset
Street main sewer. The area of this section is 1,060 acres,

36 per cent, of which (380 acres in the Ottawa South and
Ottawa East districts)

is already sewered on

the combined system.

Fig. I shows the sew-

ered and unsewered
areas. The former are

referred to by letters

and the latter by Ro-
man numerals.

Area '"D," including 235 acres between the Conal and the
Rideau River.

Area "F," including 940 acres west of the canal.

Area "E" {not shown on plan), including 290 acres in

Rideau Ward.

The greater portion of these areas is already sewered
on the combined system and the remainder in all proba-
bility will be completed on the same system.

The controlling features in the design of the inter-

ceptor were :

—

[ I ) The standard of cleanliness necessary with respect to
the Rideau River.

(2) The system to be adopted for the 680 acres of un-
sewered territory tributary to this interceptor.

In order to keep the Rideau River clean in its course
through the city, the discharge of domestic sewerage into

this section of the river has to be practically eliminated,

and it is imperative to adopt the separate system for the
680 acres included in the unsewered areas i, 2, 3 and 4,
the storm sewers discharging directly into the Rideau
River, and the "sanitary" sewers discharging into the
new interceptor.

The costs of the two sets of pipes in these areas will

be greater than if sewered on the combined system. How-

Map Showing Align-

ment and Drainage
Areas— Rideau

River Inter-

ceptor.

It will be noted that area "A" includes 180 acres in

Ottawa South, with an outlet at Cameron Street. Area
"B" includes 45 acres in Ottawa East, with an outlet at

Clegg Street, and area "E" includes 155 acres in Ottawa
East, with an outlet at Brunswick Street. The unsewered
areas are as follows :

—

Including 400 acres above the Cameron Street

the Cameron

Area "

outlet.

Area "II." Including 180 acres between
Street and Clegg Street outlets.

.•\rea "III." Including 20 acres between the Clegg Street

and Brunswick Street outlets.

Area "IV." Including 80 acres lying along the Rideau
River between the Ottawa East district and the area tributary

to the Somerset Street main sewer, viz., area "D."

The present main sewer has its outlet in the Ottawa
River at Edwards Mill, at the foot of John Street, and

crosses the canal at Templeton .Street. Some of the areas

tributary to this main sewer within the city are shown in

Fig. I, and are as follows:

—

ever, the immediate cost of the interceptor would be very

much greater if the separate system were not adopted.

."Another factor in the recommendation of the separate

system is the upstream area "i," which is so low that it

would cost too much to drain by gravity.

A relief sewer must also be built, to take care of the

940 acres west of the canal in area "F", as the Somerset
Street main is not large enough to carry the maximum
discharge which will eventually take place.

The proposed route for the interceptor is as follows :

—

Along the low side of the territory, following more or
less closely to the west bank of the Rideau River, until it

nears the railways at Hurdman Road, where it turns north-
wards on to Lees .Avenue, along Lees Avenue under the rail-

way tracks to Robinson .\venue, until it reaches the Rideau
River again. Then it follows the west bank of the Rideau
until it flows into the main sewer on Somerset .Street.

In conjunction with the new Rideau River interceptor,

the city coimcil has decided to open up a street along the ,
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Section, West Rank of Rideaii River. Rohin.son and I.ees Av.enue Section.

•u4v aW cr-.

LONGITUDINAL SECTIONS OF RIDEAU RIVER
INTERCEPTING SEWER

banks of tlie Ridcaii Rixcr and to have expropriated,

wiiere necessary, land to a width of 66 ft. In the near

future it is proposed to construct a driveway connecting

Rank Street, Ottawa South, with the present driveway

system in Strathcona Park, at Somerset Street. \ sub-

way will have to be constructed at Lees Avenue to con-

nect with Robinson Avenue.

The 60-inch section of the interceptor will be built of

segmental blocks ; the 54-inch unit and 48-inch sections,

of concrete and brick.

The estimated cost of constructing the interceptor is

$315,000. The work will be done by day labor under the

supervision of F. C. Askwith, acting city engineer, and
W. F. M. Bryce, assistant engineer of sewers. Tenders
have already been called for the supply of segmental
blocks and necessary equipment.

The writer is indebted for most of the above informa-

tion to Messrs. R. S. and W. S. Lea, consulting en-

gineers, Montreal, who made the report to the city on the

necessity for, and the design of, the interceptor.

ENGINEERS RECOMMEND CHANGE IN DESIGN OF WINNIPEG AQUEDUCT.

Jas. H. Fuertes and W. G. Chace, respectively

consulting engineer and chief engineer of the Greater

Winnipeg Water District, have recommended the con-

struction of a 5J'2-ft. reinforced concrete pipe line from

Deacon to the Red River, to take the place of the 5-ft.

steel pipe line provided for in the original Shoal Lake
scheme. The commissioners have tabled the recommenda-
ilons for a month, largely in order to find out whether the

change is approved of bv Frederic P. Stearns and Rudolph
Hering, the consulting engineers who, together with Mr.

Fuertes, originally designed the entire project. In their

report to the commission, Messrs. Fuertes and Chace
say :—

"The site finally chosen for the location of the Trans-

cona reservoir site and the final alignment of the aqueduct,

as well as other circumstances, have altered both the

hydraulic features of the problem and the costs of con-

struction and operation, and careful studies now show
that it would be more advantageous to the district and to

the city of Winnipeg, from the financial as well as opera-

tion standpoint, to provide a reinforced concrete pressure

pipe line instead of a 5-ft. steel pipe, from Deacon to the

Red River.

"The concrete pipe should be of sufficient strength to

deliver the water to the Red River, crossing under the

head due to the Deacon reservoir, and having a capacity

equal to the maximum daily rate of water consumption.

T?ooster pumps installed at the Red River crossing would
send the water along to the ATcPhillips Street reservoirs,

when the rnnsumption shrill have reached the quantity

which would flow to the McPhillips reservoirs by gravity

from Deacon.
"One pipe line, 7 ft. in diameter, could be built at once

instead of the 5-ft. 6-in. line, to be duplicated later, the

7-ft. pipe having sufficient capacity to serve until the ulti-

mate safe capacity of the aqueduct between Deacon and
Shoal Lake shall have been reached. This plan would cost

about 8500,000, more at the start than the single 5-ft. 6-

in. line, but, in the end vi'ould cost somewhat less for

construction than the two 5-ft. 6-in. lines. When the in-

vestment is considered in connection with interest, depre-

ciation, and pumping costs, the single 7-ft. line appears

to possess no merit sufficiently substantial to offset the

great advantage accruing from the possession of two in-

dependent lines for the deliverv of water from Deacon to

the heart of the district when the population to be served

shall have reached about 400,000 people.

"The cost of the pipe line from Deacon reservoir site

to the Red River, differs but slightly in unit price per foot

from the consulting engineer's report for a 5-ft. steel pipe

line, being about $21.60 as against 20.74. The greater

diameter is required on account of greater length, and will

deliver to the centre of population, one-half of the entire de-

livery to Deacon of the aqueduct now under construction.

"Moreover—and this is important to note—this will

not be a force main, but will operate under the gravity

head available, whereas the steel pipe first proposed was a

force main and required for its capacity the installation in

future of a pumping station at Deacon. The necessity for

such a pumping station is now forever removed."
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TRANSPORTATION COMMISSION FOR TORONTO.

The Toronto city council will discuss at an t:arly

met:ting the report on semi-rapid transit presented by the

commissioner of works ol the city, the chief engineer of

the Ontario Hydro-Electric Power Commission and the

chief engineer of the Harbor Commission. A transporta-

tion commission, composed of business men who will serve

without remuneration, will be appointed to prepare for

the taking over of the Toronto Street Railway System at

the expiration of the company's franchise in 1921. Such
a commission will have a vast amount of preliminary work
of organization to do, and it is not too early to appoint it,

if the city has really decided definitely not to renew the

franchise.

If the T.S.R. svstem is to become a publicly owned
luterprise, all of the present civic lines and all civic lines

built between now and 192 1, should be arranged so as to

lie readily unified with the T.S.R. systein. The projected

hydro-radials should also form an integral part of the

whole scheme, and all interests must be co-ordinated and

must work in harmony if elficicncN is to result.

The water front property controlled by the Harbor
Commission will be used to a great extent, so the harbor

board should have a member on the new commission.

Hydro power will be needed, and interchange of traffic

with the hydro radials will be most desirable, so "the

Hydro" should be represented on the transportation

board.

The city, of course, has the largest interest in the

project, and should hold control in the membership of the

new commission. The commission should be aided by,

and all detailed work done through, a board of engineers.

These engineers will realh- need the four or five years'

time that they will have, in order properly to accomplish

their work. Careful appraisals of all physical property

owned by the private system inust be made. Contracts

must be arranged for supply of power, and the power
actually made available for instant use upon taking over

the railway. The street car men's union must be met and
a scale of wages arranged and accepted by both sides.

Tlie entire clerical and operating staff must be made ready
to step into their new positions at the stroke of the clock

wliich m.irks the beginning of the altered ownership.

Financial arrangements must be perfected, and the neces-

sary actual cash secured. Contracts for supplies of all

kinds will need attention. In other words, it is not the

task of a month or e\en of a vear, to take over as a going
concern—and to keep it going—a street railway which
operates over 125 miles of track, employs more than 2,200

men, and has a stock and bond issue of $17,139,500, ac-

cording to its last published report, and assets valued at

S-:3, 731, 635;,

CANADIAN RESEARCH BUREAU.

Canadian universities are co-operating In the estab-

I'shment of a bureau of scientific and industrial research.

The attainment of national efficiency and commercial in-

dependence is possible onlv through such an established

research bureau. The need for Canadian research is

great, for the treasures that are hidden in the rocks and

forests of this country, waiting to be utilized, are un-

limited.

It is of vital impt)rlance to engineers, also, that native

industries should be encouraged, and that they should be

carried on scientifically and profitably. Engineering work
largely depends upon research by scientists.

Many dividends have been increased and many
failures avoided by the work of scientists. In fact,

commercial competition demands the services of such

men, and a number of American finns are spending large

sums of money on research work. The General Electric

Co., for example, spends over $200,000 per annum. It

must not, however, be thought that no original research

work has been conducted in Canada, because very im-

portant investigations have been and are being made,

.juch as those in connection with cobalt, peat coal,

fisheries, forestry, etc. Notwithstanding what has been

done in this direction—principally by the (jovernment

—

there is scope for enormous work of this character to be

undertaken by the universities and by private enterprise.

In this connection, attention might with advantage

be directed to the papers and discussions on the subject

of research in chemical industry, at the .'^ew York Section

of the Society of Chemical Industry, as reported in the

"Metallurgical and Chemical Engineering." C. F.

Burgess stated that research work pays as it pays to

advertise—that there is a wide gap between factory and

research laboratory when it comes to developing a process

and putting it on a commercial basis, that there ought to

be an intimate contact between the two departments, and

that the average university graduate must give up some

of his delusions, yet he must not lose his enthusiasm.

President Maclaurin maintained that industries will never

rise to what they ought to be until they become imbued

with the spirit of the university—the scientific spirit. On
the other hand, the universities will never rise to their true

level until the\- become permeated with the spirit of in-

dustries. The function of the university is to help to

organize industries on a scientific basis.

So long as we continue to draw the technical directors

of our industries, the men on whom decision as to de-

\elopment work depends, from the purely commercial side

of the organization, rather than from those men with

scientific training, just so long shall we continue to cry for

a more protective tariff, more fa\orable patent laws, etc.

The war has rendered it necessary for countries to

rely more on their own resources, hence there is need for

united action on the part of business men, technical men
and the general public to encourage this research move-

ment, as it tends to the conservation of our own resources.

LETTER TO THE EDITOR.

Rapid Transit for Toronto.

Sir,—The writer had been looking forward with

interest to the publication of the report on radial railway

entrances and rapid transit for the city of Toronto, but

having read what has so far appeared, is somewhat dis-

appointed at the conclusions reached by the engineers.
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It is stated, in what may be called a preface, as

follows: "The extension of adequate transportation

/'acilities should, and usually does, precede the population,

but in Toronto of late years, the conditions have been

reversed."

I have yet to learn of a sing-le city of the first class,

where "adequate transportation facilities" have been pro-

vided prior to absolute necessity. Toronto is not by any
means alone in this misfortune. Everywhere it is the

same story of crowded and congested streets, and the in-

capacity to meet transit requirements. N'ew York, thoujjh

spending 300 millions on new subways and other methods
of transportation, falls short of meeting the requirements

of the situation, and will never probably catch up lo it.

The increase in population far exceeds the capacity of

transportation. Philadelphia, Chicago and Boston are

Building subways and elevated railways and otherwise

trying to catch up with belated facilities as fast as money
can be provided.

Here in Montreal we have the same conditions, and
our city oHicials look no further than they can see, and
seem indifferent to the wiiole question, other than what
is pressing at the moment.

This leads up to what I wisli to say with reference to

the Toronto report. The suggestions offered for increased
facilities of transportation, to my mind, provide only for

the immediate present. The report takes account of the

radial entrance east and west into Toronto, but misses, 1

think, to provide real rapid transit for the city itself. The
unfortunate water front is again to be utilized for addi-

tional railway traffic. Thirty years ago the writer lived

in Toronto, and the old Union Station on the water front

was not far distant, and easily to be reached by the entire

population. A few years later, a second station was built,

again on the water front, but by this time the population
had expanded and it became increasingly inconvenient to

reach it. Twenty-five years have passed, and a still larger
and more magnificent station is to be built, and still on
the water front. A map of Toronto, of the present day,
has only to be glanced at to see how remotely removed this

station is from the mass of the travelling public. What
will be the state of things twenty-five years hence?

This is more or less aside from the question of rapid
transit in the city itself, though connected with it, because
the people must be brought into close communication with
all these stations ; and more rapidly than they are at
present. Semi-rapid transit, whatever that covers, will

not meet the need of the case.

The report further states: "We presume that per-
sons who can travel from the central area to their abodes,
or vice versa, in 35 minutes, do not require more rapid
transit." If this is all the rapid transit Toronto is to

have, I am sorry for Toronto. A man leaving his office,

say, south of King Street, should not have to spend 35
minutes on the journey home to any part of greater
Toronto. The fact is, no surface transportation can give
real rapid, or even semi-rapid, service. The time is com-
ing when, as I have slated on several occasions, surface
cars will be removed from the congested streets in the
central areris of our large cities. Our streets are danger-
ously crowded with vehicles, in addition to the tram cars,
and they should be free for these vehicles alone. Rapid
travel to and from our homes and offices can be secured
only by underground lines, with motor buses and street
cars as feeders thereto.

Speeding up the service of street cars adds but little

to the relief of congestion, and materially increases the

dangers to the public. If it is argued, as it may be, that

subway transportation will not bring adequate returns at

once, it must be remembered that the municipalities have

other duties to their citizens, and two of these are safety

and speed in travel ; for, without these, cities cannot grow.

In closing, I am constrained to say, the rej>ort as a

whole is a valuable contribution to transportation litera-

ture, and interesting in its treatment of the east and west

radial lines, but does not seem to offer a real solution of

the rapid transportation of passengers in the city of

Toronto itself.

The suggestion that a permanent commission be ap-

pointed to further investigate, construct and control all

transportation improvements in the city and suburbs is an

excellent one, and is in line with what I have been advo-

cating for Montreal for several years. There must be

local bodies created, jointly by the provinces and cities,

with paramount authority to supervise this most important

of questions—urban transportation.

F. STUART WILLIAMSON, M.Can.Soc.C.R.
(Consulting Engineer, Montreal.)

Montreal, January 4th, 1916.

ADVANCES IN SEWAGE DISPOSAL.

During recent years, marked progress in sewage
disposal has been made in Canada. A recent investiga-

tion made by the Commission of Conservation revealed

the following :

—

In Ontario, of the total number of municipalities

having sewerage systems, 37 per cent, treat their sewage ;

in Quebec, i2i/< per cent. ; in Manitoba, 33 per cent. ; in

Saskatchewan, 8a per cent. ; in Alberta, 43 per cent. ; in

British Columbia, 44 per cent. The Maritime Provinces

cannot be compared on the same basis, as most of the

sewerage systems there discharge directly into the ocean,

and treatment would be superfluous.

Conditions with regard to sewage disposal are better

in the west, largely because the systems have been more
recently installed, after the necessity of treatment had
become apparent to all. The great majority of the systems

in the eastern provinces were installed before this neces-

sity had become so universally recognized, and, as they

were not laid out for this purpose, it is in some cases

costly to make the change. However, marked improve-

ment is also to be noted, and practically all new sewerage
systems either include treatment plants or are designed

and installed with the view to the future installation of

such plants at the minimum expense.

In the report of City Engineer A. B. Manson, of

Stratford, Ont., for the year 191 5, it is stated that 16,632

square yards of pavement were laid. The city placed

5,264 yards of base, and all surface, by day labor. Two
miles of macadam roadways were resurfaced or repaired.

Four miles of concrete sidewalks were laid by day labor.

The sedimentation tanks for the sewage disposal works
were placed in operation, about 350.000,000 gallons of

sewage being treated annually, at a maintenance cost of

^3-i.S per million gallons. The cost per ton for incinerat-

ing garbage was 21 cents. Additional sanitary sewers
were constructed to the extent of 1.71 miles.
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LAYING SUBMERGED WATER MAINS AT
VANCOUVER, B.C."

THE entire water-supply tor the city of Vancouver,

B.C., is brought in submerged pipes across the

channels connecting the city's harbor with the

ocean. These pipes have been successfully laid

under conditions of exceptional difficulty.

The city of Vancouver is built on a narrow peninsula

between two arms of the sea. The only possible source

of an adequate water supply is in the mountains which rise

to a great height only a short distance north of Burrard

Inlet, on the southern shores of which the city lies. .\s

may be seen or^ the accompanying map, the city's water

supply is taken from Capilano River and Seymour Creek.

The water from the former is brought down in steel pipes

to the first Narrows just below the city, and the water

from Seymour Creek to the second Narrows 5 miles above.

The tidal range on this coast is from 14 to 17 ft. As
Burrard Inlet has an area of several square miles and as

the deep channel connecting it with the ocean is only some
900 ft. in width, a tidal current of high velocity, 8 miles

an hour or more, sweeps back and forth through the

channel with every rising or falling tide. Almost as rapid

a tidal current exists at the second Narrows. The period

of slack water in the Narrows is very short, often not

more than 20 minutes. The maximum depth of water is

75 ft. at the first Narrows and 80 ft. at the second Nar-
rows. The channel bottom is very rough and strewn with

large boulders on the shore next the city ; on the opposite

shore is a level stretch of mud flats, bare at low tide.

Early Experience in Pipe Laying.—The first pipe laid

across the Narrows from Seymour Creek was a 12-inch

cast-iron pipe with Ward flexible joints. It is stated that

Mr. Ward himself came to Vancouver to lay the pipe, but

when he saw the swift current in which it had to he placed,

he refused to attempt the job and the pipe was laid by a

local contractor, who offered to do the work for a lump
sum of $10,000, the city, of course, furnishing the pipe

and the jointing material. He carried out his task with

little difficulty and at a cost of only about a third of his

contract price. Since then there has not been any diffi-

culty in finding men to do the work.
When the supply through the first pipe became inade-

quate, a second pipe was laid, and additional ones have

X-

Standard Section of Flexible Joint for 18»in. Cast Iron
Pipe, Vancouver Waterworks.

been added as the water consumption increased. The
method of laying is substantially as follows : On the flat

tidal marsh on the north shore of the river a low wooden
trestle is built, extending back from the shore a distance
as great as the entire width of the channel, some 1,300
ft. Upon the plank floor of this trestle the pipe is laid,

and the joints are leaded and caulked. The bell of each

pipe length rests on a flat wooden block free to slide on
the plank floor, which is greased with tallow.

Hauling the Pipe Across the Channel.—After the pipe

has been subjected to a hydrostatic test of 300 lb. per sq.

in. and any leaks found have been made tight, a hauling

tackle for pulling the pipe across the channel is applied.

Originally a wire rope was led through the interior of the

pipe and secured to the rear end of the pipe line ; but the

resistance of the front end 9s it plowed its way across the

channel was so much greater than that of the rear part of
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Map Showing Location of Submerged Pipe Line
Crossings at Vancouver.

the line sliding on the floor of the trestle that the pipe line

buckled, notwithstanding the tension on the cable inside
it. The present practice, therefore, is to run a couple of
hauling cables the length of the pipe line and lash them
securely to it at three or four points. To the front end
of the pipe line a heavy wooden prow is attached to enable
it to plow its way across and take the shocks of contact
with ledges and boulders.

When all is ready, a cable is carried from the end of
the hauling tackle across the stream and secured to the
drum of a hoisting engine on the opposite bank, and the
string of pipe is thus hauled across. After the pipe is in

place, connections are made at each end and the pipe is

again subjected to hydrostatic test. A diver is sent down
and caulks any leaks which may be found. The diver
has a powerful electri<- light and can readily discover any
leaks by the current of sand and dirt raised by the water
jet issuing from the leak. The water in the Narrows is

remarkably clear, there being only a trifling inflow of
fresh water or sewage compared with the vast volume of
fresh sea water entering at each tide.

It may be noted in this connection that the Capilano
intake is 485 ft. above sea level, and the Seymour Creek
lower intake is 465 ft., while "Little Mountain" reservoir,

into which the conduits deliver, is 395 ft. above sea level.

The maximum head of water on the submerged pipe at

greatest depth is about 480 ft.

Maintenance of the Pipes.—Once laid and made tight,

the pipes give little trouble. Dredging which has been
undertaken by the government in recent years to widen
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llio channel on llie nmlli >i(lc nuule il necessary lu lake up

sonic of these pipe lines, and the uklvsl pipes were not put

down ai;ain, as il was iVmnd that the erosion of the sand

carried by the swift tidal current back and forth across

the pipe had worn it thin in spots durin;^ its 25 years of

service. It was therefore determined to lay an 18-inch

main in its place, and this was done.

riiis erosion of the jiipe could be prexenled, of course,

if the pipe could be buried in a trench across the channel ;

but the dredging of a trench in U5 ft. depth of water on a

bottom strewn with boulders and with the swift tidal

current is no easy task. .\nd even if a trench were duji,

it would probably lie filled by the tidal current before the

pipe could be laid in it.

Moreover, the occurrence of any leak in the pipe line

is easily detected and repaired by a diver when the pipe

line is exposed on the bottom. The city has, in fact, an

expert diver at its command whenever his services are

required. The number of lines of pipe laid at the two

separate crossings is such that the temporary withdrawal

of service of one or more lines for inspection or repairs

still leaves the city well supplied.

In recent years all additions to the submerged lines

have been made with 18-inch pipe instead of the 12-inch

originally laid. In laying this heavier pipe, it has been

found better to pull it into place in three separate sections

instead of in one line, as was done with the 12-inch. After

the three sections are in place they are joined by a diver

working in about 40-ft. depth of water.

At the first Narrows there have been eleven 12-inch

pipes laid ; of these, three are still in service. There are

two 18-inch pipes, the last of which was laid last fall.

At the second Narrows six 18-inch pipes have been laid

and are in service.

The flexible pipe used is of the well-known Ward
pattern, but has been modified in shape somewhat to re-

duce the resistance in hauling. .\ section is shown here-

with. This pipe can be deflected i2>4° before binding

occurs. The pipe is cast in Glasgow and costs $61.50

per long ton delivered at Vancouver. Its weight is about

400 lb. per ft. The total cost of the 18-inch submerged

crossings, including the cost of laying, is about Si 1.50

per lin. ft.

It has occasionally happened that in laying, caulking

and testing the pipe a bell has been split at one of the

joints. Breaks have also occurred from contact with keels

of ships which have gone ashore in the Narrows during

foggv weather. Repairs of such breaks have been effected

by placing on the pipe to cover the split a sleeve with a

stuffing-box and rubber packing at each end.

We are indebted to Edward M. LeFlufy, assistant

engineer of the Waterworks Department of Vancouver,

for information from which this article has been prepared.

KeufFcl & Esser Company, of New York City and Mont-

real, have purchased the entire stock, good-will, trade marks,

etc., of E. G. Soltmann, New York, who recently went into

bankruptcy. The stock was inventoried at more than $100,-

000. It included the Soltmann specialties, which Keuffel &
Esser Company will continue to market for engfineers and
architects.

In the article. "The Use of Pure Iron by Railroads,"

which appeared in The Canadian Engineer, issue of De-
cember 30th, 1015. it was stated, "It is possible to make a

technically pure iron containing- not more than 10 per cent,

of carbon, manganese, sulphur, phosphorus and silicon."

This sentence should have read: "o.io per cent, of carbon,

manganese," etc.

(IWOWTH 01 STRI.liT HAII.VVAV THAI I IC IN

Ri:i.ATI()N TO POI'UI.ATION."

It is e\ident that the total street railwa) trallic in any

city is a function of the population, as is also the fact that

there is a limit to the riding that any one person may
lonveniently do; or in other words, after a city has

reached a certain period in its growth, the number of

rides per capita will tend to become constant.

Kstimates of future traffic have formerly been based

l.irgely, and in our opinion, falsely, upon the "Law of

Squares," which is, that "revenue rides increase as the

s(|uare of the factor of increase of population."

While this has held, and even up to a critical point

in population been exceeded in many cities, consideration

shows the fallacy of such assimiption as applied through-

out the total length of the population scale.

The law manifestly cannot be admitted except as an

approximation applied to a city in its earlier periods of

growth. The problem is to determine empirical formulae^

which, while covering past conditions, give results which

may be reasonably applied to the future.

The increase of riding habit in a growing city, assum-

ing that the facilities for transportation keep pace with

requirements, may be divided into two independent

factors :

—

(a) The normal increase due to an increasing

proportion of the city's total population, who, be-

cause of distance, ride each day, to and from the

central business district, together with the increase

due to those who ride for social, shopping or other

purposes.

(b) The increase in the actual habit of riding,

cidtixaled bv improved transportation.

When population is contained within a circle of, say,

one mile radius, a street railway is unnecessary, but as

the city grows, and people settle outside this zone, a

street railway system becomes essential. The effect of

this continued growth is to increase the proportion of

those living without the central area, and thus of those

who daily ride to such district. While it is a fact that the

inner zone usually becomes more densely populated, the

actual population added to this area is comparatively

small, and for the purposes of this investigation it may be

assumed without sensible error, that the whole increase

is in the outer zone.

It can be demonstrated, however, that the growth of

the total traffic with the increase of popidation in outlying

sections, together with proper transportation facilities,

follows a well defined law, which indicates that about 520
is the limit of rides per capita per annum.

Combining the revenue passenger and rides per

capita information for Toronto, with that of population

growth, the following table for the probable future pas-

senger traffic conditions has been compiled, always assum-
ing adequate development of transportation facilities :

—

Revenue Revenue rides

passengers per capita,

Vear. Population. per annum. per annum.
1914 470,000 153,000,000 325
1920 590,000 225,000,000 375
1925 705,000 282,000,000 400

1930 835,000 350,000,000 420
i9';5 975,000 425,000,000 435
1940 1,135,000 510,000,000 450

* From Toronto Civic Tr.uisportation Report.
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Investigate Roofing Claims!

RAVEL and slag roofs laid along the lines of The Barrett Specification

cover many of the first-class buildings of the Dominion, because the

experience of more than 60 years has proven that

—

I St—They last longer than any other kind.

2nd—There is no painting, coating or similar maintenance cost.

3rd—Their unit cost per year of service is lower than any other.

4th—They take the base rate of insurance and are approved by the

Underwriters' Laboratories.

Claims regarding roofing should be

met with this question :
" How many

can you refer to who have used say

500 squares of your roofing on a com-
paratively flat surface for ten years

and bought more?"

Then investigate such claims !

We can supply scores of names for

this purpose.

BARRETT SPECIFICATION ROOF ON THE GIDEON OUIMET SCHOOL,
POUPART STREET. MONTREAL

Architects— Venne S Labelle
Montreal \ \

Gen. Contractor
Filial
Mont.

Exaggerated statements sometimes
sell roofing, because the principles of

Barrett Specification Roofs are not

well known to the purchaser. Once
he understands the long service they

give and the low unit cost, he will

have no other kind.

Copies of The Barrett Specification

sent free on request.

Special Note

We advise incorporating in plans the full

wording: of The Barrett Specification in order
to avoid any misunderstanding.

If any abbreviated form is desired, however,
the foHowing is suggested :

ROOFING—Shall be a Barrett Specification

Roof laiil as directed in printed Specification,

revised August 15, 1911, using the materials

specified and subject to the inspection
requirement.

THE PATERSON MANUFACTURING
COMPANY, LIMITED

MONTRE.\L TORONTO WINNIPEG V.\NCOUVER

THE CARRITTE-PATERSON
MANUFACTURING COMPANY, LIMITED
ST. JOHN, N.B. HALIF.\X, N.S. SYDNEY, N.S.
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1 RAILWAY ORDERS |

nlllllillllllllilllllllllllllllllMllllllllllllllllllllilllllllllllllllllllllllllH

^4505— December 13—Authorizing C.N. O.K. to construct

spur for Godson Contracting Co, in Cons. 4 and 5, Lot 8,

Tp. Pickering, Ont., and to cross road allowance in Lot 8

with said spur.

24566—December 13—Directing that G.T.R. install gates

at highway immediately west of Lome Park Station, Ont.,

by June ist, 1916.

24567—December 14—Directing that Elgin and Havelock
Ry. trains operated over three bridges north of Petitcodiac

be limited to speed not exceeding 8 miles an hour, pending
laying of 8° x 8" ties 12 ft. long, when guard-rails shall be

installed; ties and guard-rails be laid by May 1st. 1917;

crossing signs to be erected at all highways on said Ry.
by Dec. 31st, 1915.

24568—December 11—Authorizing Mont, and Southern
Cos. and C.P.R. Companies to operate trains over crossing

on Lot 34 (St. Hyarinthe to Farnham), without first being
brought to a stop.

24569—December 18—Dismissing complaint City Trans-
fer Co., Edmonton, Alta., re breaches of contract between
it and C.N.R., dated Feb. ist, 191 1.

24570—December 14—Approving revised location G.T.R.
Branch Lines Co.'s Battleford Branch in Sees. 10, 15 and
22-38-16, VV. 3 M., Sask.

24571—December 11—.Authorizing Montreal and Southern
Co.'s Ry. to operate certain bridges.

24572—December 15—Authorizing C.P.R. to construct

industrial siding for Fraser, Ltd., at Victoria, mileage 20.02,

Fredericton Sub. Div.

124573—December 10—Approving agreement between Bell

Tel. Co. and Camden Independent Tel. Co., Ltd!, dated
Nov. 30th, 1915; and rescinding Order No. 11929, Oct. nth,
1910. approving agreement dated Sept. i6th, 1910.

24574—December 10—Approving agreement between Bell

Tel. Co. and Urban and Rural Tel. Co., Ltd., dated Dec.
ist, 1915; and rescinding Order No. 12253, Nov. nth, 1910,

approving agreement of Sept. 30th, 1910.

24575—December 20—Extending, until June 30th, 1916,

time within which C. N. Ry. equip its cabooses with air-

brakes, subject to condition that cabooses already so

equipped be kept in service as much as possible.

24576—December 20—Authorizing C.P.R. to construct

extension to siding of Pembroke Shook Mills, Ltd., at mile-

age 106.5, Chalk River Sub. Div.

24577—December 18—.Authorizing N. St. C. and T. Ry.

to operate spur from its Queenston St. line down Phelps St.

a distance of 1,062 ft. in City of St. Catharines, Ontario.

24578—December 20— Authorizing CN.R. to cross rdad
between Sees. 9 and 8-18-22, W. 1. M., Manitoba.

24579—December 20—Authorizing St. Lawrence and
Adirondack Ry. to construct spur across Salaberry St.,

Valleyfield, Que., for Castings Co. of Canada, Ltd.

24580—December 18—Directing C.P.R. to fence right-

of-way on Sirdar Sub. Div. from mileage 75.45 to 77, Pro-
vince of B.C. ; vifork be completed by May r5th, 1915.

24581—December 17—Authorizing CP.R., at own ex-

pense, to construct road diversion across its Outlook Sub.
Div., mileage 48.4, proposed road diversion comprising Pt.

N.E. K Sec. 33-21-2, VV. 3.

24582—December 18—Extending, until May 15th, 1916,

time within which G.T.P. Ry. fence Ballast Pit, on edge
Souris River Valley, Regina-Boundary Branch, known as
Souris Pit.

NEW INCORPORATIONS.

Castor, Alta.—Farmer's Hardware, Limited, $20,000.

New Westminster, B.C.—Western Canada Lime Company,
Limited, $100,000.

Port Arthur, Ont The Western Machinery Company,
Limited, $40,000. R. E. Robert.s, P. F. Munroe, W. F. Lang-
worthy.

Toronto, Ont.—Swastika Gold Mines, Limited, $2,000,-

000. D. 1. Grant. G. Adams, E. Srnily ; Consolidated Steel

Company, Limited, $100,000. W. H. Beatty, F. A. Hammond,
C. B. McClurg.

^Illllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllir

I COAST TO COAST i
i^iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiliiiiiiiiiiuiiiuiiiiiiuiiiiiiiiiiiii;

Uruiltford, Ont.— The new Braiillord Miniicipai Kail-

way Board was formed last week, consisting of C. H.
Hartman, F. J. Caibcck and VV. R. Turnbull.

North Vancouver, B.C.—Uavid B. Boyd, of Van-
couver, is asking for exemption from taxation and free

water for a shipbuilding industry on the north shore

water front.

Toronto, Ont.—J. W. Leonard, superintendent of the

Toronto lerniinal Company, states th.it the structural

work on the new LInion Station will be commenced next

June, provided the steel can be obtained.

Winnipeg, Man.—The Munro Steel and Wire Works,
Limited, have moved their plant to Elmwood and amalga-
mated with the Hero Manufacturing Co., Limited, increas-

ing Iheir combined capital to $100,000.

South Vancouver, B.C.-^S. B. Bennett, municipal en-

gineer, in his annual report to the council, states that

about I
J^2

miles of streets were graded during 1915,

nearly 2 miles of streets were macadamized, over 43/4

miles of sewers were constructed, and about 2 miles of

water mains (4-in., 6-in., 8-in. and 12-in.) were laid.

Glacier, B.C.—Foley Bros., Welch & Stewart, con-

tractors, report that the progress of the Roger's Pass
tunnel for the past year has been 3 V2 miles of heading and
2 8 10 miles of double-track tunnel enlargement. The
heading has now been finished and the progress in tunnel

enlargement is averaging somewhat over 50 ft. per day.

Winnipeg, Man.—The contracts in connection with

aqueduct conslrtiction awarded by the Greater Winnipeg
Water District to November 30th, 191 5, amounted to

$11,640,567. The estimate for the whole work was
$13,045,600. The amount paid out on contracts was

$3,468,406, and there was a balance to be paid of

$156,998.
Ottawa, Ont.—The Dominion Government is nego-

tiating for a new arrangement with the New Brunswick
Government in regard to the operation of the St. John
Valley Railway. Under the present contract, the Inter-

colonial pays 40 per cent, of the gross receipts, which is

said to mean a considerable loss to the government rail-

way system.

Vancouver, B.C.—The first portions of protective

work to safeguard the city's water mains, from the intake

station on the Capilano River to a point over a mile and

a half south, have been completed at a cost of about

$8,500, under the supervision of F. L. Fellowes, city

engineer. It is expected that the remainder of the work
will be completed this year.

Toronto, Ont.—The estimates for this year's work on

the Toronto harbor, which were passed by the board of

harbor commissioners last week, amount to $2,500,000.

Of this sum $650,000 is for reclamation work, $100,000

for the proposed lift bridge over the Don at Cherry Street,

and the remainder for various construction works. Last

year there was spent $1,200,000.

Winnipeg, Man.—.\11 contracts entered into between

C. H. Simpson and the Government of Manitoba in con-

nection with the construction of the Winnipeg law courts

building, are to be ignored, and two valuators will deter-

mine the amount which the contractor is to receive, ac-

cording to an agreement made by the parties and approved

of by the chief justice, who has been conducting the law

courts inquiry.
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PlnlUfys Factory

at Monlrea]

High Tension Cable
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Photo

Actual

Size

13,200

Volts

Pressure

No. 3/0 B. & S. three-condjctor, paper-insulated and plain-lead-

covered cable, lor a working pressure of 1 3,200 volts. Supplied and

installed to specifications of Engineering Department, Toronto Hydro-

Electric System.

ACTUAL DIMENSIONS

Conductors—3 B. & S., composed of 19 strands, each. . .094" dia.

Thickness oi dialectric on each conductor 210"

in belt 210"

" lead sheath 150"

Overall diameter 2 640"

Eugene F. Phillips Electrical Works
Head Office and Factory, Montreal limited

Branches at Toronto, Winnipeg, Calgary and Vancouver
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New Toronto, Ont.—Water pipes have \ncn laiti In

.iboul ihirt) resiliences in this village from the nuinici-

pality's new waterworks system,, and it is expected that

water will be supplied very soon. Miiuico has arranged

ii> lake 50,000 gallons per day, which will necessitate tlu'

erect ion of a large standpipe on the boundary line between
the two municipalities. 'Flic Grand Trunk Railway lias

ilso signed a roniract for a large supply.

Hamilton, Ont.—.\ccording to the report of 11. K.

Waterman, secretary of the harbor board, the appropria-

tions last year for the dexelopment of the harbor amounted
to $400,000, of wliicii S-'^cooo represented a preliminary

appropriation for the dexelopment scheme at Stipes' Inlet,

iho total cost of which will he about Sj,000,000. Dredg-

ing operations were continued on a larger scale than in

1 91 4, with 247,643 cubic yards dredged. The new dock

wall was completed on December 18th, the total cost of

the work being .ihout 8225,000.

PERSONAL.

A. R. M.VCliOW'.VN has been appointed principal

assistant engineer of the Canadian Government Railways.

I). E. RUDD has been elected chairman of the

Sewerage and Public Works Commission at Guelph, Ont.

GEORGR j. GUV has been elected chairman of the

harbor board of Hamilton, Ont., succeeding commissioner

W. J. Clark.

FRI-:D O. CON'DON has been appointed division

engineer of districts 3 and 4 of the Intercolonial Railway,

and of the Prince Edward Island Railway, with head-

quarters at Moncton, N.B.

F. W. SL'MXER. of Moncton, X.B., has been

elected president of the St. John and Quebec Railway
Comprmy, in succession to Mr. Irving R. Todd, of St.

Stephen, who recently resigned.

WILLIAM -VSHMAX, of Moose Jaw. Sask., for-

merly chief of the department of investigation, Saskatche-

wan division of the Canadian Pacific Railway, has been
promoted to the office of assistant to Major MacLeod,
assist.mt chief of the department for the entire C.P.R.
system. \V. G. Cheesier, chief of the .\lberta department,

succeeds Mr. .\shman at Moose Jaw.

HENRY \\. HODGE, M.Can.Soc.C.E., M.Inst.

C.E., has been appointed as public service commissioner
of New York State. Mr. Hodge is a consulting engineer,

with oflices in New York City, and is well known in

Canada, having been retained by the government in a

consulting capacitv in connection with the new design for

the Quebec Bridge. He is a director of the American
Society of Civil Engineers, and a member of the council

of the American Institute of Consulting Engineers. The
firm of Boiler, Hodge & Baird, in which he is a partner,

were the engineers for the Singer Tower, the Metropolitan
Tower, and many other important structures in New York.

OBITUARY.

JERR^' j. l'"LVXN, assistant superintendent of the

old Welland Canal since i8g6, died in St. Catharines on

January 7th. Mr. Flynn was born in Hamilton.

FRANK HOLDER, a graduate of Queen's Uni-
versity, was murdered last week at Hammond, Ind. Mr.
Holder was general foreman of the erecting department
of the Standard Steel Car Company's plant at Hammond.
He was born at Kingston, and was 50 years of age.

WII.I.IA.M Wi:sri..\Ki;, a contractor, died at

Whitby, Ont., recently. .Mr. Westlake had erected man)
buildings in Whitby, Oshawa and Bowmanville before he

retired from business fifteen years .ago.- He was born in

Yorkshire, England, and came to this country when ten

years of age.

(iR.'XHA.M ! K \Sl-;i\, one ol the louiulers of the in)n

and steel industry in Canada, died December 25th, 1915,
at New Glasgow, N.S. In 1872, Mr. Eraser and others

established the Hope Iron Works. In 1881 he was one
of the organizers of the Nova Scotia .Steel Company.
When that company h;id acquired coal inines in Cape
Breton and had developed ore deposits in Newfoundland,
it became the No\ a .Sroti.i Steel and Coal Company.

Pie. ALEX. MURRAY, who was the son of T. Aird
.Murray, consulting engineer, of Toronto, died last week
in England, as :i result of wounds received on the firing

line. Mr. Murray, who was a student at S.P..S., Toronto,
was 22 ye.irs of age. He went to the front with the first

contingent, as a meinber of the Queen's Own Rifles, and
served through the battles around Yprcs. Some months
ago he sur\ i\ed an attack of spinal meningitis, and re-

turned to the trenches, only to be fat allv wounded not

long afterwards. He will be buried at Newcastle, Eng-
land, where he was born.

COMING MEETINGS.

AMERICAN FORESTRY ASSOCIATION. —An-
nual meeting to be held at Boston, Mass., January 17th
and i8th, 1916. Secretary, P. S. Ridsdale, Washing-
ton, D.C.

CANADIAN NATIONAL CLAY PRODUCTS AS-
SOCIATION.—Fourteenth annual convention to be held

at Toronto January i8th to 20th, igi6. Secretary, G. C.

Keith, 32 Colborne Street, Toronto.

AMERICAN WOOD PRESERVERS' ASSOCIA-
TION.—The Twelfth .\nnual Convention to be held in

Chicago, January 18, 19 and 20, 1916. Chas. C. Schnat-

terbeck, chairman. Committee on Publicity and Promo-
tion, .American Wood Preservers' Association, Baltimore,

Maryland.

CANADIAN SOCIETY OF CIVIL ENGINEERS.—
The Thirtieth Annual Meeting to be held in Montreal,

January 25, 26 and 27, 1916. Secretary, Prof. C. H.
McLeod, 176 Mansfield Street, Montreal.

AMERICAN ELECTRIC RAILWAY ASSOCIA-
TION.—To be held in Chicago, III., February 4th, 1916.

Joint dinner that evening with .iXmerican Electric Railway
Manufacturers' Association.

N.\TIONAL CONFERENCE ON CONCRETE
ROAD BUILDING.—Second National conference to be
held at Chicago, 111., February 15th to i8th, 1916. Secre-

tary of Advisory Committee, J. P. Beck, 208 South La
Salle Street, Chicago, 111.

AMERICAN CONCRETE PIPE ASSOCIATION.—
Annual Convention to be held in Chicago, February 17

and 18, 1916. Secretary, E. S. Hanson, 538 S. Clark

Street, Chicago, 111.

CANADIAN LUMBERMEN'S ASSOCIATION.—
.At Ottawa, February i8th, 19th artd 20th, 1916, annual

convention. Frank Hawkins, secretary, Ottawa.

CANADIAN AND INTERN.\TIONAL GOOD
ROADS CONGRESS.—At Sohmer Park, Montreal,

March 6th to loth, 1916. Geo. .\. McNamee, secretary,

New Birks Building, Montreal.



Volume 30. Toronto, January 20, 1916. Contents of this issue on page 5.

The Canadian Engineer
A weekly paper for Canadian civil engineers and contractors

iiiiiiiiiniiiiiiiiiiiiifiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiii

CANADIAN SOCIETY OF CIVIL ENGINEERS.
THIRTIETH ANNUAL MEETING TO BE HELD AT MONTREAL NEXT
TUESDAY, WEDNESDAY AND THURSDAY—SUMMARY OF ACTIVITIES
FOR PAST YEAR AND PROGRAMME TO BE FOLLOWED NEXT WEEK.

SEVER.'VL hundred members of the Canadian Society

of Civil Engineers will attend the thirtieth annual

meeting, to be held next week in the rooms of the

Society, 176 Mansfield Street, Montreal.

The first session will open at 10 a.m., Tuesday,

lanuary 25th, with the reading of minutes and the ap-

pointment of scrutineers. The reports of council, library

Inspection trips to various manufacturing establish-

ments in Montreal will be enjoyed Wednesday morning,

and in the afternoon the members will continue to receive

reports of committees and to act thereon. At 4.30 p.m.

the retiring president will deliver an address. An informal

dinner, complimentary to visiting members, will be held

at eight o'clock that evening at the Engineer's Club.
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I'liis annual im-ctinf; will mark Ihc ruliremi'iit from
llic prcsiilcncy of the Society of Krancis Clarke Gamble,
C.E., the Hrst man from the Pacific Coast who has had
the honor of being elected to that ollice. Mr. Gamble was
born in Toronto in 1848, being the son of Clarke (iambic,

Q.C He was educated at I'pper Canada College, To-
ronto, and at Rensselaer Folyleohnic Institute, Troy,
N.V. He began his engineering career on the staff of the

Intercolonial Railway in i86g, and two years afterwards
joined the stalT of the Great Western Railway as assistant

engineer.

In 1873 Mr. CJainble became resident engineer for the

contractors on the construttion of the Prijicc lulward

Prof. Clsment Henry McLeod, Ma.E.
Secretary, Canadian Society of Civil Engineers.

Prof. McLeod is one of the mo<;t widely known men in Society
circles, having been secretary of the Society durini! its entire exis-
tence, with the exc<?ption of only the first four and a half years.
This means that he has given 24^ years of service to Can Soc.
C.E. work. He is vice-dean of the engineering faculty at McGill
University and is an authority upon astronomy. surveyinR and
geodesy. His astronomical work has attracted considerable atten-
tion in scientific circles, and some of his writincs on surveying and
geodesy are used as texts. He is a Fellow of the Royal Society of
Canada, a life member of the Royal Astronomical Society of
Canada, and a member of numerous other organizations.

Island Railway. He again entered the employ of the In-

tercolonial Railwa3' in 1876, as assistant engineer, and
later, in the same capacity, served the Q-M. & O. Railway
until 1878. Part of the following year was spent in private

practice, but in 1879 he became first assistant engineer of

construction for the Canadian Pacific Railway at Rat
Portage, afterwards renamed Kenora, Ont. In 1880 the
compan-y sent him as principal assistant engineer to

British Columbia, where he later became connected with
provincial government work as assistant engineer.

He was transferred to the Department of Public
Works of Canada, where he served as assistant engineer
from 1881 to 1887, then being appointed resident engineer
and government agent for the Department, which position
he held until 1897, when he resumed private practice. His
engineering ability had been thoroughly recognized by the
British Columbia government, however, and the pro-
vincial authorities soon persuaded him to enter their em-
ploy again as pulilic works engineer and inspector of

dykes, which position he filled from i8g8 until 191 1.

Since that time he has been chief engineer of railways for

the province, with headquarters at Victoria, B.C.

Mr. Gamble was a charier member of the I'anadian
Society of Civil Engineers, and has been of considerable
service to the Victoria and Vancouver branches in organiz-
ing their activities. He served a successful term as chair-

man of the X'ictoria branch. Previous to his election to

the presidency, Mr. Gamble had been a member of the

council of the Society twice—in 1892 and in i8g8—and in

1913 and in 1914 he was one of the vice-presidents. He
was elected a member of the Institution of Civil Engineers
of Great Britain in i8gi, and a member of the American
Society of Civil Engineers the same year.

Mr. Gamble will be succeeded as president by George
Herrick Duggan, vice-president and general manager of

the Dominion Bridge Co., Montreal. Mr. Duggan was
born in Toronto in 1862, and is the only son of the late

John Duggan, Q.C. He was educated at Upper Canada
College, Toronto, and at the School of Practical Science,
Toronto University. Like so many other Canadian en-

gineers, Mr. Duggan began his engineering career with
the Canadian Pacific Railway, but in 1891 became chief

engineer of the Dominion Bridge Company, which position

he retained until 1901, when he became assistant to the
president and consulting engineer of the Dominion Iron
and Steel Co. In 1904 Mr. Duggan was appointed second
vice-president and general manager of the Dominion Coal
Co., but in igio rejoined the Dominion Bridge Co. as

general manager.
Mr. Duggan was elected to associate membership in

the Canadian Society of Civil Engineers in 188S, and two
years afterwards qualified as a member. He is also a

member of the Institution of Civil Engineers of Great
Britain, the .American Society of Civil Engineers, and the

Canadian Mining Institute. He was vice-president of the

Canadian Society of Civil Engineers in 1900, 1901, 1902,

1903 and 1908, and also served as a councillor of the
.Society for nine vears.

He is an enthusiastic sailor, and was one of the

founders of the Toronto Yacht and Royal St. Lawrence
Yacht Clubs. He designed and sailed the winner of the

Seawanhaka International Cup, and successfully defended
that prize from i8g6 till 1901.

Mr. Duggan is a very busy man at the present time,

as he is a director of the Montreal .\mmunition Co., and
is also chief engineer of the St. Lawrence Bridge Co.,
having charge of erection of the new Quebec bridge-

Nominees for vice-president of the society to be
elected this year are Joseph G. Legrand, bridge engineer.
Grand Trunk Pacific Railway, Winnipeg, Man., and Thos.
H. White, chief engineer, Canadian Northern Pacific Rail-

way, \'ancouver, B.C.

The nominees for council are as follows (two member^
are elected from District One and one member from each
of the other districts) :

—

District i—Jules Duchastel, town engineer of Outre-
mont, P.Q. ; W. J. Francis, consulting engineer, Mon-
treal ; H. R. Safford, chief engineer. Grand Trunk Rail-

way, Montreal ; Julian C. Smith, chief engineer, .Shawini-

gan \\'ater and Power Co., Montreal.

District 2—J. L. .\Ilan, Dartmouth, N.S. ; H. Don-
kin, deputy minister of public works and mines, Halifax,

N.S.

District 3—A. E. Doucet, Transcontinental Railway,
Quebec, P.Q. ; L. A. Valine, engineer and director of

railways. Parliament Buildings, Quebec.
District 4—E. D. Laflcur, chief engineer, Dept. of

Public \\'orks of Canada, Ottawa; W. P. Wilgar, as-

sistant district engineer. Transcontinental Railway, Coch-
rane, Ont.

District 5—J. R. W. Ambrose, chief engineer, To-
ronto Terminal Railway Co., Toronto; A. L. Hertzberg.
division engineer, Canadian Pacific Railway, Toronto.
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There liavo been 3 sectional meetings, 8 monthly
meetinj^s and 2 junior section mcelinfjs during the year.

The council held 20 meetings during the year.

The following papers were presented during the year:

"Movable Dams," by Mr. H. B. Muckleston, M.Can.

Soc.C. E.

"Shell Manufacture," by Mr. H. II. Vaughan,

M.Can. See. C.E.
"Lcthhridgc Sewage Disposal Works," by Mr. A.

C. D. Hlanchard, M.Can.Soc.C.E.
"Heavy Guns Used in the Field," by Col. Lacey R.

Johnson, M.Can.Soc.C.E.
"The Jordan River Power Development," by Mr.

Chas. .\. Lee, A. M.Can.Soc.C.E.
"Edmonton's Tunnel Sewerage System," by Mr. .\.

J. Latornell, A. M.Can.Soc.C.E.
"Tests on Shearing Resistance of Reinforced Con-

crete Beams," by Messrs. E. Brown, A. M.Can.Soc.C.E.,

H. M. MacKay, M.Can.Soc.C.E., and CM. Morssen,

M.Can.Soc.C.E.
'V-ccay in Wood." Discussion on, introduced by

Mr. F. R. Brown, M.Can.Soc.C.E.
"The Stave Falls Power Development of Western

Canada Power Company, Limited," by Mr. R. F. Hay-
ward, M.Can.Soc.C.E.

"Aviation," by Mr. J. A. D. McCurdy.
"The Development of Power in the St. Lawrence

River at Cedars Rapids by the Cedars Rapids Manufac-

turing & Power Company," by Mr. Henry Holgate,

M.Can.Soc.C.E.
"Constant Voltage Operation of a High Voltage

Transmission System," bv Dr. L. A. Herdt, M.Can.Soc.
C.E., and Mr. E. G. Burr, A.M.Can.Soc.C.E.

"Hydraulic Development and Construction at Cedars
Rapids," by Mr. J. C. Smith, M.Can.Soc.C.E.

"Electrical Design and Construction of the Cedars

Rapids Manufacturing and Powxr Plant," by Mr. R. M.
Wilson, M.Can.Soc.C.E.

"The Sea Sled," by Mr. B. O. Smith, Junior Can.

Soc.C. E
"The Cost of Modern Houses," by Mr. D. Bremner,

S.Can.Soc.C.E.

The Committees on Track and on Rails have been

discontinued for the present in view of the fact that the

functions of these committees are overlapped by the similar

committees of the .American Railway Engineering .As-

sociation.

A Committee on Roads and Pavements has been

added to the list of those named at the annual meeting.

The Committee on Cement Specifications, which has

been reconstituted, has presented a report with a proposed

standard specification. The specification will come before

the annual meeting for discussion and adoption. Reports

have also been distributed to the membership for con-

sideration in advance of the annual meeting by the Com-
mittees on Conservation, Roads and Pavements, the

Electro-Technical Commission, Steel Bridge Specifica-

tions, and Educational Requirements.

Early in the year the council made a representation

to the Department of Raihvays and Canals, at Ottawa, to

the effect that the Society's specification for steel bridges

should be adopted by the Dominion Government. The
matter is still under the consideration of the chief engineer

of the department.

The special September meeting of the council, in con-

nection with which during the past two years the travelling

expenses of members from outside points have been paid

by the Society, was not convened this year owing to the

financial situation. The council, however, considers that

in view of the importance of unifying the interests of the

members residing in various parts of the country, it will

be desirable, so soon as the funds at the disposal of the

Society permit, to establish a regular series of council

meetings for which a liberal mileage payment shall be

made to non-resident members. It is suggested that at

the outset possibly three such meetings during the year

held in the months of January, May and September might

be advantageous.
The following is a statement in regard to the mem-

bers of the Society who have, so far as information has

been received, enlisted for overseas service:

—

Honorary member i

Members 34
.'\ssociate members 144
Associate i

Juniors 85
Students 89

In all 354

Of these there have been killed in action or died of

wounds :

—

Members 2

Associate members 4
Juniors 5

Student 1

In all 12

The special funds for which subscriptions have been

received from the members are as follows :

—

Fund in aid of families of members who have

enlisted for active service in the army, total. .$2,093.00

There has been paid out on account of this fund 132.40

Canadian Engineers' Hospital and Medical Com-
forts Fund, total 703-45

There has been paid out on account of this fund 450.55

The proposed excursion to the Pacific Coast, in con-

nection with which free haulage of the Society's train had

been generously provided for by the Grand Trunk, Trans-

continental, Grand Trunk Pacific and Canadian Pacific

Railways, had to be abandoned on account of the very

small number of members (nine in all) who said they would
avail themselves of the privileges extended to them.

There are now ten branches of the Society, the last

to be formed being that at Regina, at present under the

chairmanship of Mr. O. W. Smith.

The first Provincial Division to be formed under By-

law 54 was organized in Vancouver, for British Columbia,

in July last and duly authorized by the council at its meet-

ing on July 20th.

Early in the year an effort was made to have this

Society placed upon the list of educational institutions

from which, under the city charter, the civic tax is not

exigible. The matter is again being taken up, it is hoped

with some promise of success.

On the request of some of the members interested,

the coimcil has memorialized the Dominion Government
asking for the appointment of a commission to revise the

Patent Act.

An effort will be made during the approaching session

of the Dominion Parliament to obtain an Act defining the

term "civil engineer."

Some consideration has been given during the year

to publicity matters affecting the profession of civil en-

gineering. A circular is about to be Issued with a view-

to instructing municipalities as to the advisability of em-
ploying only corporate members of the Society. It is also

proposed to request corporate members when advertising

(Continued on -page isS.)



laiuiary 20, 1916. THE CANADIAN ENGINEER '53

GROUTING UNDER CANAL LOCK WALL FOUNDATION
FORMING A WATERTIGHT CUT-OFF THROUGH SEAMY ROCK FOUNDATION UNDER
THE WALLS OF LOCKS ONE, TWO AND THREE OF THE NEW WELLAND SHIP CANAL.

By Eric P. Muntz, B.A.Sc, Assistant Engineer, Welland Ship Canal.

T^HE seamy nature of the red Medina shale, which
forms the foundation of Locks i , 2 and 3 of the

New Welland Ship Canal, necessitates a "cut-off"

under the lock walls to prevent seepage. This is

necessary not only to prevent damage to the foundation,

but to keep excessive upward pressures from being ex-

erted on the slab forming the floor of the lock chamber.

The "cut-off" may be effected either by cutting

trenches in the foundation or by grouting. The grouting

method entails the drilling of holes sufficiently close to-

gether that grout applied under pressure will find out

the open seams, if any, and extend sufficiently to meet

grout from the adjoining holes, and thus form a water-

tight "cut-ofT."

The chief objections to the first of these methods are

the cost of excavation, the tendency in this class of

cleaning of the rock had to be left until only a few hours

before concreting, owing to its tendency to disintegrate

very rapidly upon exposure.

When the cleaning up was sufficiently far advanced,
so that no loose material remained around the drill-holes,

they were pumped out and their tops trimmed so that a

tapered circular plug, such as that shown at the left of

Fig. 2, driven into them would form a tight joint.

Several white pine plugs, 6 inches in diameter at the

top, 2i^ inches at the bottom and 12 inches long, were
provided, with a ij^-inch hole bored down the centre.

.After driving the plug tight a 1%:!}^ reducer was
screwed into the plug, from which a i 'i-inch rubber
hose pipe led to a small hand diaphragm pump fitted with

a pressure gauge. A tub of cement grout— i part of

cement to yi part of water—completed the equipment.

El 3-30JI

Fig. 1.—Typical General Section Through Excavation and Walls of Lock 2, Welland Ship Canal.

material to break back and shatter the sides of the trench

when excavating, and the cost of extra concrete required

to fill the trench. The grouting method requires only the
drilling of two lines of holes, three inches in diameter
and ten feet apart, one line under the heel and another

under the toe of the wall, and the application of the

grout. The actual grouting requires but four men, who
can complete twelve holes per day, twelve holes repre-

senting the foundation of one 60-foot monolith.

.At Lock 2 the sub-foundation trenches of both east

and west lock walls were taken out by an 85-ton Marion-

Osgoode shovel. The sub-foundations are 52 feet wide
in the bottom and average 17 feet deep, which permitted

two cuts, horizontally and vertically. While the shovel

was completing the last cut the drills were started behind

it, thus making sure of having the drilling done well in

advance of the concrete.

After the shovel had "dug out," all loose material

remaining was rernoved by hand. This at times was
considerable, owing to irregularities in the rock surface.

The rock was then gone over with wire brooms and a

hose until thorou£;hlv clean. This final uncovering and

The hole was then filled with grout, the joint at the
top of the plug being left loose to permit the air in the
hole to escape. The joint was then tightened and the
pressure applied. If the pressure rose to 20 pounds and
remained stationary without further pumping, the ma-
terial below was considered sufficiently tight. If the
pressure did not rise, or if it rose and fell with the
pumping, indicating that grout was entering some seam
below, the pumping was continued until the pressure
rose or the grout showed on the surface, necessitating

abandoning the hole, temporarily at least.

Several instances occurred where the grout showed
almost immediately at several points within a radius of

a few feet. After removing the surface layer the lower
materia! was found tight. Pockets of poor material on
the surface of the foundation have been formed by action

of the grout and have subsequently been removed. A
seam of f)oor material, i y^ feet deep and several feet

wide, running diagonally across the foundation, was also

located in this way. This seam occurred at a pvoint where

there was a slight fault in the rock.
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Mow readily the f^roiil will rim, wlicro there is a

passaiie througli which water may pass, has been (iciiion-

strated very clearly. It lias frequently run from one hole

to the neighboring' holes, and on more than one occasion

i '4^9%=^

* ^-.

^,

—

^^

Fig. 2.—Simple Groiitin}* Kquipment Used at Lock 2, Welland Ship Canal.

has run across the foundation, showing in the other line

of holes about 45 feet away. In one instance a hole on

one side took grout readily at 6 pounds pressure. .After

pumping in about 30 gallons the grout in an adjoining

hole ten feet away began to run. This hole was plugged

and the pumping continued. After injecting 120 gallons,

grout was seen rising in a hole on the other side of the

trench. This hole was plugged and pumping continued.

The pressure rose to 20 pounds when 130 gallons had

been injected, and held there. No further grout could

be injected, and after removing the plugs some hours

later the grout showed no tendency to rise. On several

occasions test-holes have been broken out and seams

lifted after a neighboring hole has taken a considerable

quantity of grout. The manner in which the grout pene-

trated through material not closely bonded together and

filled interstices between different layers was very clearly

demonstrated.

Much of the grouting seemed to indicate that in

most cases only the surface layers were sufficiently sepa-

rated to allow grout to be forced between them. .\t the

same time test-holes showed that the material was too

good to warrant excavation. Accordingly a plug was

made which could be lowered into the hole, and which

would plug it at any desired distance from the surface.

Thus, if a hole, or number of holes, on being tried

from the surface took readily, the depth of the seam

could be located. In some cases this seam or layer was

as thick as 8 inches and only about i ^A feet from the

surface. It was here considered better to cut shallow

trenches through the surface on either side of the foun-

dation than to take time to inject sufficient grout to

ensure a perfect cut-off. The grouting below this seam

was all done from the surface before the trenches were

cut by dropping the plug just below the seam. The
details of the plug are shown in Fig. 3. It has worked

so satisfactorily that the wooden plugs first used have

practically been abandoned.

Pumping the holes out before ronimcncing grouting

proved unsatisfactory, as it was li.ird in this way to

thoroughly clean the holes to their full depth. Latterly,

therefore, the hose pipe has been connected to a 1 '/i-

in(;h pipe, 12 feet long,

inserted in the hole, and
w.iler has been forced

through from the pump
until the overflow at the

top of the hole ran clear,

indicating the hole to be

clean for its full depth.

.After cleaning a hole in

this way grout is pumped
through the same pipe

until the hole is filled. The
pipe is then removed and

the plug inserted.

In all, 170 holes have
been grouted at Lock 2

since the beginning of

.September. About 50 per

cent, of these took grout,

and averaged twenty to

thirty gallons to a hole,

the range being as high

as 180 gallons.

At the end of the sea-

son (20th December) the
sub-foundation of the west wall had been completed to the
main culvert floor excepting two monoliths at the north
end of the w-all, and the sub-foundation of the east wall
to a few feet below the

floor. It is interesting to

note that had trenches

been required in the foun-

dation a great loss of time

would have resulted. The
scarcity of labor and lack

of time, as it was, made
it difficult to keep the

cleaning up ahead of the con-

crete. Ck>ncreting the sub-foun-

dations did not start until the

beginning of September, and it

was imperative to fill the sub-

foundations to prevent their

sides sloughing off and the pos-

sibility of larger slides filling the

trench before spring.

The grouting has been car-

ried on by the engineering staff

of Section 2, of which E. G.

Cameron, B.Sc. , is Resident

Engineer, under J. L. Weller,

C.E., Engineer-in-Charge of the

Welland Ship Canal for the

Department of Railways and
Canals, Canada.
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The new Civic Improvement League of Canada is hold-

ingf a conference at Ottawa to-day, with representatives

present from all nine provinces and most of the large cities.

Sir John Willison is chairman. Questions of municipal ROv-
ernmcnt and finance, public health, tow'n planning, unemploy-
ment, hoi'sing, and local improvements, arc being dealt

with.
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I)I1U:CT=LIFT BRIDGE AT OTTAWA.

By L. McLaren Hunter, C.E.,
City Engineer's Department, Ottawa.

O provide Ottawa East with a street

car service, a bridge with direct-lift

span is being built over the Rideau
Canal at Pretoria Avenue. The cost,

0,000, is divided equally between the
Dominion Cioxernment and
the city of Ottawa.
The bridge consists of

two 52-ft. 6-in. reinforced
concrete arches and one 95-
ft. steel lift span, making
a total length of 200 ft.

between abutments. The
width is 56 ft. from railing

to railing, the roadway be-
ing 44 ft. wide, and each of
the two sidewalks 6 ft. wide.

Twelve-inch piling was
driven, in 50-ft. lengths, for
tiie foundation of the piers.
These piles were tested to
T7 tons per pile. A 1:3:5
mixture is being used for
the abutments. The abut-
ment walls are 7 ft. wide at
the base, iS in. at the top.

Above the water line the
abutments are being faced
with sandstone.

The contract for the piers

was let to R. Brewster, of

Ottawa. One abutment has
been completed and practi-

cally all of the piling has
been driven.

There is a lo-ft. clearance

under the lift span when
lowered, and 30 ft. when
raised, which is sufficient

for any boat that is likely

to use the canal. The
bridge is to be paved with

creosoted wood block, laid

on 2-in. creosoted planks,

with 4-in. by 6-in. creo-

soted joists placed at 12-in.

centres.

Fig. 2 shows the west

approach. This approach

was originally intended to

follow the course of the ex-

isting driveway, shown by

dotted lines, but this would
have made a very heavy

grade and an exceptionally

bad curve for vehicular traf-

fic and street cars. Permis-

sion was therefore secured

from the Ottawa Improve-

ment Commission to swing

the bridge in a large curve,

as shown on the drawing.

The grade on the approach

will be 4.5 per cent, instead

of 6 per cent, as on the
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original plan. From llu- turn ol I lie lu'w driveway to tin-

hridj^i", the tjradi' will bo 3 per cciii.

Kdbcrl llfiiham, hridgr cnjjinrcr of the city en-

gineer's department, Ottawa, was in charge of the design
of the britige, and the construction work is under the

supervision nl l-rank C. Askwith, actitig city engineer.

INSTRUCTION COURSK I OK ONTARIO ROAD
SUrHRINTI.NDHNTS AND KNGINIillRS.

Fig. 2.

Plan of

Approaches to

Pretoria Ave.
Bridge,

Ottawa.
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PITCH FILLERS FOR BLOCK PAVEMENTS.

By John S. Crandell,

Of the Barrett Mfg. Co. ; formerly Professor of Highway
Engineering- at Pennsylvania State College.

ALL pavements of the block type require some kind

of filler in the joints. From time to time new

L materials are exploited, or new methods of using

established tillers are tried. It requires time to

determine whether or not a road material is successful.

For many years coal tar pitch has been the standard

filler for stone block, wood block and brick pavements.

Its success is undoubted, and one has but to look over the

streets of any city to note how well pitch has fulfilled the

function allotted to it. There are many miles of brick

pavement in the middle west that were laid twenty-five to

thirty years ago, with pitch filler in the joints, that to-day

are in good condition. That the filler has had much to do

with the life of the pavements is certain ; for in the same
localities are newer pavements with hard fillers that have

cracked badly, or have exploded, or have become dis-

agreeable to travel over. It is impossible to overcome

natural laws, and the attempt to make a monolithic pave-

ment which will resist expansion and contraction is an

attempt to attain the impossible.

Within the past decade a method of using coal tar

pitch for stone block and brick pavements has been de-

veloped that is an improvement on the older methods of

filling the joints. The method originated with John
Brodie, engineer for the city of Liverpool, England, and

consists of making a mastic or matrix of hot sand and hot

pitch in equal amounts. This is then poured or flushed

into the joints.

Clean, fine sand is heated to 350° F. either at the

plant or on the job. This is mixed in a 3 to 4 cubic foot

batch concrete mixer with an equal quantity by volume of

coal tar pitch which is brought to a temperature of about

250° to 300° F. The mixture of sand and pitch, which is

called mastic, is then run into a wheelbarrow, or dump
cart, and from that it is flushed over the surface of the

pavement. Men quickly squeegee it into the joints, and
as the mastic is very fluid, it runs into every crevice and
fills every irregularity. The joints are filled to the top,

and a thin coating of mastic is left on the surface. This
is then covered with a light coat of screenings or torpedo
sand, and trafific may be immediately admitted, or a light

tandem roller may be used to roll the surface. The roller

IS not at all necessary.

The mixing may be done by hand if a mixer is not to

be had, and the joints may be poured instead of flushing

the surface. For the past two years all the new granite

block pavements in the city of New York have been filled

with hand-mixed mastic. The method is as follows :

—

Sand is heated on the usual plate heaters on the

street, and the pitch is heated in kettles or is brought to

the job in tank wagons already at the right temperature.

The sand and the pitch are then mixed in buckets which
are especially made with a spout leading off from the

bottom. The joints are then poured full of the mastic,

which is allowed to settle in them. Repouring is gener-
ally then necessary in order to completely fill each joint.

A coal tar pitch conforming to the following specifi-

cations is used :

—

The coal tar paving cement shall be a straight run residue
obtained from the distillation of coal tar, and shall comply
with the following requirements :

—

I.—Melting point shall not be lower than 110° F. nor
higher than 125° F.

2.—Free carbon shall not be less than 20 per cent, nor
more than 35 per cent.

3.—Specific gravity at 77° F. shall not be less than 1.22

nor more than 1.30.

4.—Specific gravity of the distillate to 670° F. shall not

be less than 1.06 at 140° F., compared with water at the same
temperature.

The contractor before beginning work on any contract

shall obtain from the engineer a statement in writing as to

the melting point desired for that particular contract, and a

variation of 5° F. either way will be permitted from this

melting point, but within the limits as indicated above.

The* kettles in which the coal tar paving cement is heated

on the street shall be equipped with approved thermometers,

and the paving cement shall be heated to a temperature of

not less than 250° F. nor more than 300° F., and shall be
poured when between these limits.

The quality of the sand is important. Based on the

experience of the past three years, it would seem desirable

to use sand meeting the following requirements : 100%

Applying Mastic Filler in Granite Blocli Pavement
at Cleveland, Ohio.

shall pass a lo-mesh screen ; not over 25% shall re-

tain on a 40-mesh screen ; not over 5% shall pass a 200-

mesh screen.

It is better to have the sand hotter than the pitch. If

the pitch is too hot, the sand drops through it more
readily. As is the case in all bituminous work, the ma-
terials should be dry. It is also well to have the surface

of the blocks or bricks free from dirt or dust.

It has been observed in the pavements that have been

laid with mastic filler during the past three years that

they are noticeably quieter than those in which a hard

filler is used. There are no rumbling or hollow sounds

when vehicles pass over them, and horses are able to get

a foothold in slippery weather. The mastic filler has been

a perfect success in brick pavements laid on grades ; the

hot summer sun has not had any effect on it, and it has

not chipped out in the winter.

One of the greatest arguments in favor of pitch filler

is the fact that the pavement is ready for traffic as soon

as the filler is in the joints. There is no time wasted in

keeping the street closed waiting for the filler to cure.

Repairs are easily and quickly made, and the repaired area

can be thrown open to traffic immediately. The blocks

that are removed may be relaid, for they will not be
broken when openings are made in the surface.
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for assistants to require that candidates shall be members

of the Society.

A special committee, appointed by the council, has

under consideration the best means of securing the ap-

pointment of engineers on civic boards, and commends the

matter to the membership in general as one which is de-

serving of their active support.

Duiing the past simnmer representations were made

to the council and board of commissioners of the city of

Montreal as to the advisability of obtaining a report from

an independent board of engineers, upon certain proposed

expenditures in connection with the aqueduct enlargement.

This action of the council of the Society has received the

support of the Montreal Board of Trade, but it is regretted

that the Board of Commissioners did not meet the repre-

sentations in the spirit that actuated the council of the

Society.

The council has memorialized the Dominion Govern-

ment in connection with the appointment of foreign en-

gineers on government commissions, and has urged that

inasmuch as, in some recent appointments noted, there

should have been no difficulty in obtaining the services of

eminently qualified Canadian engineers, it was not in the

interests of the country that such appointments should be

made.

The Society has been represented by delegates, speci-

ally named by the council, at the following congresses and

meetings during the year: The International Engineering

Congress, San Francisco ; the Western Canada Irrigation

Association, Bassano ; the Annual Meeting of the Ameri-

can Institute of Mining Engineers, New York.

Treasurer's Statement.—The income of the Society

for the year was $22,079.37, of which $6,732.80 was

arrears of fees collected. The total expenditure during

the year was $19,774.54, of which $2,266.25 consisted of

rebates of fees to branch societies. The excess of re-

ceipts over expenditure for the year was $2,304.83.

The total assets are $106,432.77. There are rebates

due branches and accounts payable amounting to

$2,899.46, and there is cash on hand of $2,836.86. The
property account stands at $89,041.64, constituting the

chief asset of the Society.

Following are extracts taken from some of the com-

mittee reports that will be presented to the annual

meeting :

—

Committee on Conservation.

Respecting town-planning, housing and civic improve-

ment in general, there has been in Canada, hitherto, a

distinct lack of expert advice and practical guidance. Mr.

Thomas Adams, late senior town-planning adviser to the

Local Government Board of Great Britain and the fore-

most authority in his profession in the English-speaking

world, has been engaged and is now advising many Cana-

dian municipalities and civic improvement organizations.

To carry out town-planning and housing projects, how-

ever, it is necessary that implementing legislation be

passed. A town-planning act, drawn up with the assist-

ance of Mr. Adams, has been passed by Nova Scotia, and

a similar act is under consideration in Saskatchewan.

Somewhat similar acts have been passed in New Bruns-

wick, and .Alberta, and steps are being taken to present

similar legislation at the coming sessions of the Ontario,

Quebec and Manitoba legislatures. Following the pro-

visions of laws and regulations, specific projects for the

various cities can be undertaken. Thus the citv of St.

John, N.B., is requesting authority to town-plan an area
of over 20,000 acres.

A civic survey, involving an investigation of housing
and economic conditions in the city of Ottawa, is now in

progress. On completion of this study, a model liousing

act, constructed especially with a view to avoiding repeti-

tion of the evils revealed, will be prepared for submission
to the legislatures, and an earnest endeavor will be made
to prevent the development of conditions that make the

slum possible.

Measured by tonnage, seven-eighths of the coal in

Canada is in the province of Alberta. In most coal-

bearing areas in Alberta and Saskatchewan the measures
contain several distinct seams overlying one another and
differing in thickness and quality. The operator usually

selects the seam that can be worked at minimum cost,

and that will give the maximum return. This seam is

often mined solely with a view to the largest immediate
output, the pillars are reduced to an unsafe minimum or

arc drawn ; the overlying rocks settle, thus rendering it

impossible to extract the coal they contain which is lost

for ever.

Representations have been made with reference to the

appointment of an officer of undoubted capacity and in-

tegrity, and with wide experience in the mining of coal,

as chief inspector of mines by the Dominion Government.
If appointed, this official would pass upon all plans for the

development of mines under lease from the Dominion and
his approval would be a necessity prior to the actual work
of mining.

Committee on Portland Cement.

We transmit herewith copy of the specification for

Portland cement recommended by the committee for adop-

tion by the Society as a standard specification.

The requirements of the specification are uniform with

those of the standard specification of the American Society

of Civil Engineers, and the American Society for Testing

Materials. The standard methods of testing as approved

by the .American Society of Civil Engineers are also re-

commended for adoption.

The specification defines a standard bag as one con-

taining 94 fbs. net weight of cement. The present specifi-

cation of our Society does not define a standard bag, but

gives approximate weights per cubic foot of loosely packed

and hard packed cement. Canadian cement is marketed
in bags containing 87 '4 lbs. net weight of cement, while

the United States standard bag contains 94 lbs. of cement.

The committee is of the opinion that it is desirable to have
uniformity in this matter with the practice in the United

States of America. .Accordingly, while the committee feel

that the most desirable uniform unit would be a lOO-lb.

bag, uniform practice alone, in regard to the weight,

would be a distinct gain, and a standard bag of 94 lbs. is

recommended.

The question of tensile strength has received very full

consideration. The present specification of our Society,

and that of the .American Society of Civil Engineers, de-

mand that there shall be no retrogression in tensile

strength between 7 and 28 days. In contrast with this,

the British specification, for many years past, has de-

manded certain specified Increases in tensile strength

during this period, these Increases depending on the

strength attained at 7 days. For example, the British

specification published in 191c, demanded a minimum
tensile strength of 400 lbs. per sq. in. for neat cement
briquettes at 7 days, and the following minimum per-

centages of increase in tensile strength between 7 and 28

days, namely:

—
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^5% if the 7-day test was above 400 lbs. and not above 450 lbs.

20% "• " " " " " 450 " " ^' " 500 "

15% " " " " ' " soo " " " " 550 "

10% " " " •' " " 550 " " " " 600 "

5% " " " " " " 600 "

Similar demands were made in the case of mortar
briquettes.

This British specification has been revised recently,

and in the 1915 specification the above table has been

superseded. A formula, based on the actual tensile

strength attained by briquettes at 7 days, has been intro-

duced, for calculating the 28-day requirement, and the

minimum tensile strength at 7 days has been raised from

400 lbs. per sq. in. to 450 lbs. per sq. in. Under the new
specification, a briquette of neat cement having a tensile

strength of 600 lbs. per sq. in. at 7 days, must attain a

strength of 667 lbs. per sq. in. at 28 days—an increase of

about 11%, as against the demand for 5% increase made
in the 1910 specification. The demand for fine grinding

has also been stiffened, the permissible residue on a No.
180 sieve being reduced from 18% to 14%.

The requirement of the British specification regarding

increase of tensile strength is much more severe than that

of the present Canadian or United States specification,

which demand only that there shall be no retrogression in

tensile strength during the 28-day period.

The United States Bureau of Standards has published

during the past two years the results of investigations re-

garding the hydration of cements, and is at present con-

ducting a series of long-period tests on the tensile and
compressive strengths of cements and mortars, and the

compressive strength of concretes. In this investigation

several representative United States cements have been

used, and have been tested, both as marketed and after

finer grinding. A preliminary report of these tests, cover-

ing the period up to 180 days, has been published in the

Proceedings of the American Society for Testing Materials

for 1915, and the results of tests at one year, and at two
later periods, will appear in due course. It appears, how-
ever, speaking generally, that while the tensile strength

of the finer ground cement is higher than that of the com-
mercial product, the rate of increase of tensile strength

between 7 and 28 days, is less in the finer than in the com-
mercial product. In some cases, the finer ground product

showed retrogression in tensile strength between 7 and 28

days, although the commercial product showed an increase

of tensile strength during this period. The nature of these

results is directly at variance with the demand of the new
British specification. The tests also show that, speaking
generally, the compressive strengths of mortars and con-

cretes made from the finer ground cements are higher than

those of mortars and concretes made from the commercial
product. Long-time tests alone will show whether this

condition is maintained, and to what extent any retrogres-

sion in tensile strength of neat cement is reflected in the

strengths of mortars and concretes.

Your committee feel that in view of all the conditions
it is wiser to recommend the retention of the no retro-

gression demand, than to specify rates of increase of

tensile strength as in the British specification. Mr.
Jamieson, however, vi^hile in agreement with the draft

recommended, feels very strongly that the demand of the

British specification would result in an improved product,
and that such a demand may vet prove to be necessary.

The question is one of considerable importance, and
it appears to be only just to bring it to the notice of the
membership, as many experimental investigations are in

progress which will result in considerable additions to our
knowledge of the behavior of cements of the present day.

ElectrO'Technical Commission.

This Committee begs to report that during the year

191 5 the activities of the Commission have naturally been
somewhat curtailed, but notwithstanding the very ad-

verse conditions brought about by the European war,
which are, of course, particularly pronounced in the case
of any international body, such as this Commission is,

the organization has been kept intact, a few meetings
have been held, and some publications have been issued.

In March, a conference was held in London on the

Rating of Electrical Machinery, this Conference being
called by the British Committee of this Commission,
which Committee also forms the Electrical Section of

the Engineering Standards Committee of Great Britain.

The American Institute of Electrical Engineers was
represented by Messrs. H. M. Hobart and C. E. Skinner,
Mr. A. P. Trotter, of London, England, very kindly

representing the Canadian Committee, as it was found
impossible to send a delegate over from this country.
As a result of this Conference the above Engineering
Standards Committee has just sent to press the British

Standardization Rules for Electrical Machinery, copies
of which will be available shortly for distribution in

Canada; price to non-members, $2.50.

The International Specifications for Copper, as de-
cided upon at the 1913 Congress in Berlin, have proved
to be a great step in the work of international stan-

dardization, as was to be expected. Work on a similar

specification for aluminum is about to be started, which,
when finally completed, will doubtless be as valuable
in its field as the corresponding work on copper.

Committee on Roads and Pavements.

The recent growth of motor vehicle traffic on the
public highways has had a marked influence in two ways.
It has greatly increased present and future possibilities

in the use of the common roads ; and in the second place,

this increased traffic has increased very materially the

difficulties of satisfactory road construction and main-
tenance.

The result has been that the construction and main-
tenance of roads and pavements have suddenly become
of very prominent public importance. The expenditure
thereon is destined to be large, and the opportunities for

economy or waste are very great. In effect, this work
is one to which the engineers of the country should be
in a position to bring the best possible information and
skill.

.'Vt the present time there are a great many new
methods and materials being tested for road surfaces.

This experiment is being carried on in detached sections

;

sometimes to a limited extent, and in other cases, fol-

lowing fairly accepted practice, work is in long stretches.

Under existing conditions a certain amount of co-
operation among municipal engineers in supplying data
associated with uniform standards of traffic would be a

very valuable service. Without this co-operation, how-
ever, a large amount of useful experiment and experi-

ence is "going to waste."
The work of this Committee should extend over a

series of years in order that results from all special forms
of construction could be carefully watched, reported upon
and the cost of maintenance determined.

It is not desirable at the present time to prepare
standard specifications for roads and pavements; but
consideration might be given to specifications for certain

materials.
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It is desired to impress, however, that there is a

threat waste of experience in the matter of road construc-

tion and paving at the present time due to the absence

of an organization to assemble the results of such ex-

perience. It is, therefore, deemed desirable that the

I ommittee assume this duty, and that the immediate

|w)licy sliould for the present include the following:—

(i) A determination of uniform traffic standards

whereby wear can be more definitely compared.

(2) The compilation of the history of individual

pavements. To this end, the co-operation of as many

i:ngineers as possible through Canada should be secured,

each of whom would undertake to supply from year

to year definite details of a few selected pavements,

showing :

—

(a) Details of construction.

(b) Construction costs.

(c) Special circumstances which might influence

results from the pavement.

(d) Annual costs of maintenance for a period of

vears.

(e) Traffic to which the road was subjected before

improvement.

(f) Traffic to which the pavement is subjected from

\ear to year.

In carrying out this work it would be expected that

the history of each pavement would start on construction

and would be supplied to the Secretary of the Com-

mittee annually thereafter during the life of the pave-

ment. Should the Engineer retire from his position, it

would be arranged that the duty would devolve upon his

successor.

Data carefully obtained would, it is believed, have

much scientific value ; and the task of obtaining it should

not be burdensome on either the Engineer or the

municipality.

The Committee would, further, assemble the best

principles of construction as followed by present practice

with respect to various types of pavements, these prin-

ciples to be revised from time to time as experience and

further information would dictate.

Library and House Committee.

Only three books were purchased during the year;

twelve were presented by members and ten by non-

members. The technical magazines, transactions, etc.,

which have been received during the year are substan-

tially the same as those listed in the report for 1914.

They number, in all, 85. Twenty-eight are marked for

binding at the end of the year, and are placed on the

library shelves. The Committee has pleasure in calling

the attention of members to the tablet, which has been

placed on the wall of the entrance hall, in commemora-

tion of Thomas Coltrin Keefer, C.M.G., the first Presi-

dent of the Society.

The Committee on Roads of the United States House of

Representatives last week began consideration of a bill to

provide $25,000,000 annually for co-operation between the

Federal and state governments in highway construction and

maintenance. It is proposed that $65,000 annually shall be

allotted to each state, and that one-half of the rem^inderto

be divided in the ratios which the population of the respective

states bear to the population of the whole country, according

to the last federal census, and that the other half be divided

in the ratios which the mileage of rural post, free delivery

and star route roads in the various states bear to the total

mileage in all the states.

STREETS.*

By Geo. W. Tillson, Mem.Am.Soc.C.E.,

Consulting Engineer, New York City.

PUBLIC streets are to a city what the veins and

arteries are to an individual—they provide for its

circulation, and it is extremely important to all

cities how their streets are laid out and improved

and how maintained. Their location and condition make
more of an impression upon the casual visitor than does

probably any other physical thing in connection with the

city, as naturally it is the one thing with which he is most

connected.

The provinces of streets are to furnish light and air

to the occupants and to provide proper means for inter-

urban traffic. As regards light and air, it makes no dif-

ference how the width of the street is treated, but as re-

gards traffic it is very material.

Light and Air.—What the width of a street should be

to furnish light and air depends upon the character of the

buildings that are erected upon it, and upon their height.

If the street is in a residential section, where the houses
are detached and built on good sized lots, sufficient light

and air will be provided, no matter what the width of the

street may be. If, on the contrary, the street is in a busi-

ness section, where every foot of frontage is covered with

buildings and where these buildings are high, the width
of the street is an important consideration as regards both

light and air.

Just what the relation of the width of the street to

the height of buildings should be is an open question, and

ordinances regulating this vary according to the ideas of

the different officials ; but, unless conditions specially re-

quire it, the height of a building should not be greater

than the width of the street, except that when the height

is greater, the front of the building should be set back a

certain distance so that sufficient light and air may be

furnished to the lower stories.

TraflSc.—When traffic is taken into consideration,

however, different principles prevail. In the first place,

the width of the street must be subdivided into roadway

and sidewalks, and just what shall be the relative propor-

tions of these widths must be determined by circumstances.

Different cities have different rules. An ordinance recently

passed by the Board of Estimate and Apportionment, New
York City, provides that the sidewalks and roadways for

streets of different widths shall be as follows :

—

Width of Street
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AERIAL CABLEWAY AT NIAGARA FALLS, ONT.
TORRES SYSTEM OF CONSTANT TENSION MULTIPLE CABLES FOR TAKING
TOURISTS ON THRILLING TRIP OVER THE WHIRLPOOL — SECOND
CABLEWAY OF ITS KIND IN THE WORLD AND ONLY ONE IN AMERICA.

AN aerial cableway 1,800 ft. long, for transporting

passengers across the Whirlpool, has been almost
L. completed at Niagara Falls, Ont. It is the

longest, and probably the safest, aerial scenic

tramway in the world, and the features of its design

and erection include points of engineering interest.

Guide books of Niagara Falls say that

the Whirlpool seems to be a "maelstrom,

a vortex of water, swirling in gradually

narrowing circles to a depressed centre.

Instead, the force of the water pouring

into the basin, raises it in the middle to a

distance of 3 ft. above the outer surface.

The Whirlpool is the natural result of the

mighty body of water rushing into a con-

fined space and seeking an outlet- Bodies,

driftwood, everything, in fact, that goes
over the Falls must eventually find its way
to the Whirlpool, where, after circling for

days, perhaps, it is either thrown out upon
the bank or carried by the outlet to Lake
Ontario."

The Whirlpool, of which a general view

is shown in Fig. i, is about three miles

below the Falls, and is almost entirely

within the Province of Ontario. The cliff

that encloses it is a part of the river bank
on the Canadian side, so that both ends of

the cableway are in Ontario, as shown in

Fig. 2. But the boundary line between
New York State and Ontario forms an
acute angle which is intersected by the

cableway about 60 ft. within the apex.

The cableway, therefore, crosses a small

portion of New York State. As the bed of

the river is owned by the state, and the water by the

federal government, the promoters had to secure permis-

sion from Washington and Albany, after they had the

sanction of the Province of Ontario and of the Victoria

Park Commission of Niagara Falls.

The design of the anchorages was governed largely

by the fact that the cableway was not allowed to cross

the tracks of the Niagara Belt Line Railway, and by the

proper order of the park commission that the appearance
of the cliffs on neither side of the Whirlpool must be
altered, and that no towers or structures of any kind could

Fig. 2.—Plan of the Whirlpool and Cableway.

Fig. I.—The Whirlpool, Niagara Falls, Ont. Thompson's Point Across
the Water, New York State at Right. Photo

Taken from Colt's Point.

rise above the level of the tracks of the railway which runs

along the cliff.

The design of the cableway is based upon Spanish

patents, and the enterprise has been financed entirely by

capitalists in Spain. The company, which has been incor-

porated in Canada, is called The Niagara Spanish Aerocar

Co., Limited, and has issued $110,000 capital stock,

$30,000 of which was granted, for patent rights, to the

Society Estudios Y Obras de Ingenieria, of Bilbao, Spain,

of which Jose Orbegozo, C.E., is president. The system is

the invention of Torres y Quevedo, an engineer who has

gained considerable European fame in aeronautics. His

son, Gonzolo Torres y Polanco, C.E., is chief engineer and

vice-president of the Canadian company, of which Antonio

Balzola is president and secretary treasurer.

The Torres principle had been applied previously in

Canada and the United States to single cables for indus-

trial purposes, but not to multiple cables for passenger

traffic.

The cost of the Niagara project was nearly $60,000,

of which more than half was taken up by engineering,

construction work and materials exclusive of the loading

platforms and car, both of which were built in Spain. It

is stated, however, that unfamiliarity with local conditions,

and the fact that this is the first cableway of its kind in

America—and therefore met with greater opposition from
the authorities than would be the case again—account for
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about a quarter of the expenditure, and ilial the enter-

prise could be duplicated for $45,000.

The passenger car is sus|)ended from a running gear

which travels on six parallel carrying, or track, cables,

each of which is fastened securely at Colt's Point (see

Fig. 3.—Views of Colt's Point Anchorage. At Left, the Concrete Block Before Erection

of Sheave. Automatic Stop Hanging from Block and Tackle. At Right, the

Traction Sheave in Place.

Fig. 2). At the other terminus, Thompson's Point, each

track cable passes over a grooved sheave and is fastened

to a counterweight or stretcher. These six counterweights

are boxes 12 ft. high x 6 ft. 7 in. wide x 11 in. deep, made
of riveted steel. Each box contains four cast iron pieces

of 195 lbs. each and 200 pieces of 90 lbs. each, making a

total load of 18,780 lbs., which, with the weight of the

box itself, makes a ro-ton counterweight for each track

cable. The detail of these boxes is shown in Fig. 12.

The boxes move up and down freely in steel guides,

the details of which are

shown in Fig. 10. A
sudden load thrown
onto the track cables

would cause the boxes

to rise and the cable

span to sag, but the

tension in each cable is

always 10 tons, regard-

less of the load on the

track cables ; that is,

regardless of the load

on the passenger car.

In other words, the ten-

sion in the track cables

depends solely upon the

counterweights and not

at all upon the weight

of passengers borne by
the car. When the load

on the car is increased,

the counterweights rise

and the sag in the cables

is increased, the cables

taking such an angle

that the vertical com- Fig. -1.—Section Through Inspection Pit.

ponents of the forces acting along them are always

equivalent to the weight of the car and its load. This is

disregarding the variations of tension due to the inertin

of the stretchers, but they are negligible.

The track cables are i-in. crucible steel rope, made up

of seven round strands,

surrounded by 16 locked

coil strands. As these

are too stiff to bend over

the sheaves at Thomp-
son's Point, each one is

fastened, by a standard

socket, 10 ft. in front of

the sheave, to a iJ4^-in.

Monitor plow-steel cable,

made up of six strands

of 19 wires each, and

these latter cables an
bent over the sheaves

and fastened to the

counterweight boxes.

At Colt's Point each

track cable is fastened,

by a standard threaded

clevis and socket, to a 2-

in. rod. These six rods

are bent around a con-

crete block weighing 741

tons, which is built into

the face of the cliff, and

are fastened securely at

the bottom of pits which
are left open to permit

of inspection at any time

of the nuts, washers, etc. The detail of the anchorage of

these rods is shown in Figs. 4 and 9. Fig. 3 shows the

concrete block.

It will be seen that each track cable is entirely inde-

pendent of the others. The breaking of any one of them
would not be serious, as the other cables would support

all the weight of the car without any increase in their

tension. The car would drop several feet suddenly, and.

Section 1— 1.
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after a few vertical oscillations, would assume a new posi-

tion of equilibrium.

Thus, the breaking of one cable does not imperil the

passengers, and the breaking of two cables at the same
lime would be nearly as improbable as the simultaneous

breaking of two cables belonging to totally separate

installations.

The simplicity and safety of this system lie in the

fact that each cable is put into fixed tension from the start

of operations, that this tension never varies, that the re-

sistance of the cables can be verified at any time by in-

creasing the load on the weight boxes, that if any cable

or fastening is faulty it will probably break when heavily

weighted for trial or inspection trips, and that if a cable

does break practically no extra strain is put upon the

other cables.

These facts make possible safe transportation for

considerable distances, and the engineers of the company
are now contemplating a mountainous installation with

two spans each over a mile long. The only previous in-

stallation of this system is at San Sebastian, Spain, for

transport of tourists across a gorge, from a trolley ter-

minus to an otherwise inaccessible view-place and casino

overlooking the Bay of Biscay. The span there is 919 ft.

with a rise of 92 ft. It' has been in successful operation

for six years, carrying as many as 26,000 passengers in

a single season.

The car at San Sebastian holds only 14 passengers,

ail standing, but the car built for Niagara provides seats

for 24 passengers, and standing room, in a raised aisle in

the centre of the car, for 21 more, besides the conductor.

The weight of the car empty is 3^^ tons, fully loaded 7
tons. It is 10 ft. 10 in. wide, 24 ft. long and 23 ft. high. It

was manufactured complete in Spain, and assembled here.

Fig. 7 shows the car erected on the roof of the Thompson's
Point station, and carrying the test load in the form of

223 cast iron weights of 90 lbs. each, or three times its

maximum passenger load. Fig. 8 shows the design of

The car is propelled by a >^^-in. 6 x ig plow-steel

traction cable, fastened to one end of the car. This cable

passes over a sheave (see Fig. 3) on Colt's Point, runs

back across the Whirlpool, over a sheave in front of the

Thompson's Point station, and to the driving sheave.

Fig. 5.—Tracli Slieave Towers in Place. Sliaft Seen
Behind Top of Tower Carries Driving Sheave in

Centre, Worm Gear at Right, Relief

Drum at Left.

the car. It will be noticed that should a track cable break
at a point just above the car, it would most probably drop
without hitting the passengers, as the carrying wheels
extend beyond the basket. Besides, the frame work above
the basket protects the passengers.

Fig. 6.^—Heavy Rock Excavation at Thompson's Point.

Inset Shows Method of Handling Blasted Rock.

From here it passes around three sheaves, to one of which

is fastened a lo-ton counterweight box, arranged in guides

similarly to the track cable counterweights, and this

creates a tension in the cable which adjusts any slack

caused by the rising and falling of the car. After passing

around another groove in the driving sheave, the traction

cable passes out to the other end of the car.

The 8-ft. driving sheave is turned by a 75-h.p., 3-

phase, 440-voit, 480 r.p.m. Westinghouse motor, through

a 30 to I Hindley worm gear, giving a speed to the car

of about 400 ft. per minute when the controller is at full

speed. The trip can be made in about 4>4 minutes, but

it is planned to permit it to occupy six minutes by running

at half speed part of the time.

To provide against breakdown of the motor, or in-

terruption in the power supply, there is a clutch in the

driving shaft by means of which the motor can be dis-

engaged, and a 5-h.p. Gray gasoline engine engaged both

through a worm gear and through sprocket wheels. The
speed at which the gasoline engine would haul in the car

would be very slow, but it would be ample to meet the

emergency.

If the traction cable were to break during a trip, the

car would oscillate backwards and forwards along the

track cables until it would come gently to rest at the

lowest point of the sag of the cable, which would be

about the centre of the span, as the two terminals are

nearly at the same height, one being 249.5 f'- above the

river level, and ihe other, 246.5 ft. To bring the car back

to Thompson's Point in such an emergency, a relief car

and a relief traction cable are available. Attached to the

driving sheave shaft, and running idle ordinarily, there is

a drum on which a ;,j-inch wire rope is coiled, with one

en3 fastened permanently to the drum. After the break-

ing of the traction cable, the free end of the relief cable

would be fastened to the relief car, a light basket which

holds one man and which hangs from pulleys that can be

readily thrown over two of the track cables. The driving

sheave would then be reversed slowly, paying out the

relief cable until the man reaches the car. .\fter the relief
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cabk- is fastened to the car by cliains provided for the

purpose, the driving sheave would haul the car back to

rhonipson's Point.

One thousand cubic yards of earth and 2,500 cu.

yds. of rock were excavated for the two stations. The

rock excavation is shown in Figs. 6 and 11. Six Iiigcrsoll-

Rand steam mck drills were used, working two drills

Fig. 7.

—

Car Erected on Roof of Thompson's Point

Station, Ready for Test.

on a quarry-bar for the line drilling, as shown in Fig. 11.

Rack-A-Rock explosive was used with excellent results.

Colt's Point anchorage was built first, and then the con-

struction plant was taken to Thompson's Point for the

larger work. A 1:2:4 mixture was specified for the most
important concrete. Canada cement and Queenston
crushed stone were used. The reinforcing steel was sup-

plied by the Trussed Concrete Steel Co. and the structural

steel by McGregor & Mclntyre, Limited.

The station at Thompson's Point is cut out of the

solid rock and lined with concrete and buff tapestry

brick. Two flights of concrete steps provide entrance

to and exit from the landing platform. The station is

29 ft. 2 in. high, 06 ft. long and 37 ft. 9 in. wide ovci-

all. The roof is a 6-in. concrete slab, reinforced witii

rib metal, on 15-in. I-beams, placed al 5 ft. 4 in. centres.

As the roof of this station is level with the ground, and
makes a platform from which spectators can watch the

operation of the car, it is guarded on the cliff side by

a 42-in. wrought iron fence, bolted to the flange of one

of the I-beams. The floor is 3 in. concrete, and the front

of the station is an 18 in. rubble wall, built to match
the face of the cliff. A 12 ft. x 193^ ft. opening gives

access to the landing platform. The footings for the

track sheave towers and for the traction sheave tower
are concrete. The towers are steel. (See Fig. 5.)

At the opening of the station a horizontal steel

platform, 9 ft. 10 in. long by the full width of the open-

ing, is hinged; At the outer edge of this short plat-

form there is hinged another platform, 38 ft. long, ex-

tending over the edge of the cliff. The latter platform

is suspended from the track cables by wire ropes an<l

pulleys at the outer corners and at the hinged corners,

each rope being fastened to three pulleys, one on each

of three track cables. All four ropes are of the same
length, so that the long platform always hangs parallel

to the track cables, whatever inclination the latter may
take; the four ropes are of such length that the plat-

form clears the bottom of the car by 6 in. ; therefore,

the car always comes right onto the platform. The-

platforms are guarded at the sides by railings.

At Colt's Point a similar landing extends from the

foot of the anchorage, and two flights of concrete steps

lead up to the ground level.

An automatic control stop is provided at each ter-

minus which stops the car without jar within 3 ft. 4 in.

The stop can be seen extending from the face of thi-

ng. 8.—General Plan of the Spanish Aero Car.
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concrete block in Fig. 3. The iraction cable runs longi-

tudinally through the 5-in. pneumatic cylinder and

through the centre of the piston. A clamp on the trac-

tion cable, just ahead of the car, strikes the face of the

piston, and also engages with it in such manner that

the car cannot slip back from the landing platform.

of the car where the clamp has engaged. When the

car starts, the clamp is disengaged by another crank,

but this cannot be done until the gates are shut. This

' 2 rouffc/ £a. ':

J\ >

.J . ' ,-

Fig. 9.—Detail of Pit Anchorage.

There are gates at both ends of tlie car, operated by the

conductor by means of a crank, and these gates cannot

iipen until the clamp has engaged with the stop piston,

releasing a ratchet under the car. Even then, only the

right gates can be opened; th.it is, the gates at the end

4-6x2 »50O0*3^fV^3.

r-

7- ^a1i

jv-S-fJi-

Fig. 10.—Detail of Guides for Track
Cable Weight Boxes.

Fig. 11.—Rock Hxcavation for Counterweight Pit.

Inset Shows Drills on Quarry Shaft.

is contrived by interlocking discs, enclosed in a locked

box on the car. The pneumatic cylinder is supported by

a counterweight, so that its weight does not rest

on the traction cable.

There are two limit switches at each terminus.

The first is always struck by the floor of the car,

and affects the controller, so that the power is

turned off and cannot be turned on again in the

same direction and so jam the car against the

station. The second limit switch is hit only when

the first fails to operate, and when the motorman

fails to turn off the controller, and when the

pneumatic cylinder does not bring the car to <t

stop. This second limit switch acts directly upon

the circuit-breaker, bringing the car to rest

within 3 ft., and without letting it

come within dangerous distance of

the station.

After the traction and track towers

and sheaves had been erected, a very

long rope was carried around the

face of the cliff from Thompson's

Point to Colt's Point. This rope was then hoisted over

the tops of the trees until it could be pulled taut from

Point to Point. A '^-inch wire rope was pulled across

with the aid of a hoisting engine, and then the ^-in.

traction cable was pulled into place. The traction cabjc

was used to haul the track cables across.

The strength of the track cables is 92,000 lbs. each,

allowing for bending over sheaves, and the workini;

tension is 20,000 lbs., so the factor of safety is 4.6. The

cables were supplied by the American Steel and Wire Co.

The maximum torque of the motor is 2.5 times the

torque required to haul the car when fully loaded.

The m.iNimum pull on the traction cable idler at

Colt's Point is 28,000 lbs. The pull on each of the six
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carrying cables is 20,000 lbs. The earth pressure is

68,300 lbs. The moment of ihe overturning forces about

the toe of the anchorage is, therefore, 28,000x28.5 ft.

+

120,000 :< 21.5 fl. + 68,300 X 20 ft., equals 4,744,000 ft.

lbs. The weight of the concrete is 1,481,800 lbs., and

the resisting moment is 1,481,800 x 16.9 ft., equals

25,042,420 ft. lbs. There is, therefore, a factor of safely

of over 5 in respect to the overturning of this anchorage.

There is a factor of safety of about 8 at Thompson's

Point.

For any position of the car, the tension in the lower

traction cable between the car and the transmission

sheave equals half the counterweight, or 10,000 lbs.,

neglecting friction of counterweight and sheaves. The

tension in the reinaining part of the traction cable

depends on the position of the car, varying from 6,000

lbs. when the car is at Thompson's Point to 14,000 lbs.

when the car is at Colt's Point. The traction cable has

^SlO-'*»rtl JO<t.«*
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Fig. 12.—Detail of 10=ton Weight Box for Track Cable.

a strength of 70,000 lbs. , so this allows a factor of safety

of more than 4, after deducting from strength of cable

for bending over sheaves.

The sag of the track cables unloaded is 47.6 ft. The

maximum sag when loaded with car and passengers is

1 00. 1 ft. The car will still be 148 ft. above the surface

of the water at the point of maximum sag.

The maximum vertical travel of the track weight

boxes, allowing for change in length of cables due to

1 25° variation in teinperature, and due to difference in

deflections, is 11 ft. 2 in. The possible vertical travel is

about 19 ft., thus providing for oscillations due to breaks

of cable.

The maximum vertical travel of the traction cable

counterweight is 8 ft. 8 in. The possible travel is 15 ft.

The grade of the track cables varies from 16 per

cent, at either landing to 0.0 per cent, at the centre of

span. The maximum grade, therefore, is 16 per cent.,

and the average grade about 8 per cent.

Work was started July 12, 1915. All cables are now
erected and the car is being put in place ready for the trial

trip, which will be made with the test load of 10 tons. The
cableway will be ready for regular traflic within a few

weeks. The amount of the fare to be charged passengers

has not yet been decided upon. The park commission

collects an annual rental which increases with the number

of passengers carried, besides a minimum rental of $3,000

a year.

The general contractors for the complete installation

were Norman McLeod, Limited, Toronto, on a cost plus

percentage basis. The superintendent in charge of con-

struction was Lewis S. Roy. J. E. Taylor was resident

engineer, representing Wright & Howard, consulting

engineers, Toronto, who were employed by the Spanish

company to adapt their design to local conditions, and

who prepared the plans and supervised the construction.

The work is to be to the satisfaction of the Hon. F. G.

Macdiarmid, minister of public works of the province,

who entrusted direct supervision to Geo. Hogarth, A.M.

Can.Soc.C.E., assistant engineer of his department.

To all of the above mentioned firms and individuals,

The Canadian Engineer is indebted for the information in

this article.

TORONTO BRANCH, CANADIAN SOCIETY OF
CIVIL ENGINEERS.

The annual meeting of the Toronto branch of the

Canadian Society of Civil Engineers was held last Friday

night at the Engineers' Club, Toronto. G. A. McCarthy,
engineer of railways and bridges of the city of Toronto,

was elected to succeed J. R. W. Ambrose as chairman.

Prof. L. M. .\rkley, of the University of Toronto, was
elected secretary-treasurer to succeed C. H. R. Fuller.

The executive committee elected for the following year

consists of E. W. Oliver, A. H. Harkness, A. L. Mudge
and H. G. Acres.

Nine meetings were held during the year. The mem-
bership is now 344, compared with 295 at the end of 1914.

The annual excursion of the branch took place on Novem-
ber 5th, and consisted of a tour of inspection of the

Welland Ship Canal. The death of R. Sherwood Elmsley,

who was a member of the branch, is reported as having

occurred during the year. The financial statement for

the year shows that the branch is in fair condition. Dur-
ing the year, standing committees were formed to study

in co-operation with those formed by the parent society.

The members of these Toronto committees are :

—

General Clauses—W. Chipman, chairman ; E. W.
Oliver; E. L. Cousins; Wm. Cross; David Molitor.

Portland Cement—A. W. Connor, chairman ; G. A.

McCarthy; G. G. Powell.

Reinforced Concrete—Prof. Peter Gillespie, chair-

man ; Frank Barber ; A. L. McAllister ; David Molitor.

Relation of the Engineer to the Public—E. W. Oliver,

chairman ; Prof. H. T. Haultain ; Henry McAll.

Roads and Pavements—W. A. McLean, chairman

;

W. Huber ; H. S. Van Scoyoc ; E. A. James ; M. A.

Stewart; S. J. Tolman.
Steel Bridges— .•\. H. Harkness, chairman; C. S.

Rogers; H. L. Steenbuch ; C. R. Young.
Hydraulics—N. R. Gibson, chairman; T. H. Hogg;

H. G. Acres; E. C. Dowson ; G. Milne; Wm. Cross.

Power Plant—Prof. L. M. Arkley, chairman ; Jas.

Milne; A. L. Mudge; E. T. Brandon.

.Sewage Disposal—Andrew Macallum, chairman; E.

R. Gray ; Peter Gillespie ; W. Chipman ; F. W. Thorold

;

I. H. Nevitt.
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THE PRESENT STATUS OF HYDR0=ELECTR1C
POWER PLANT PRACTICE.

CANADIAN SOCIETY OF CIVIL ENGINEERS.

Marked improvement is apparent in present-day

hydraulic power plant practice over that of ten years ago.

The change is along many lines, and its results are shown
in the higher turbine efficiencies obtained, the use of

larger units, the increase in the comparative capacities

of runners, and the tendency towards elimination of com-
plicated mechanisms.

The improvement in the individual efficiencies of tur-

bine runners has been obtained by changes in the runner

designs themselves and by the method of setting. Ef-

ficiencies of 92 and 93 per cent, are shown under Holyoke
tests, on test runners, and on the installed runners under
conditions of service. Efficiencies of 90 per cent, are quite

common now, as compared with 75 to 80 per cent, a few
years ago.

A greater flexibility in the commercial design of run-

ners is to be noted. To-day it is quite possible to obtain

reaction runners with specific speeds from as low as 10 to

as high as 115, and for conditions of service from 6 feet

liead to 600 feet.

For low-head work, a radical change has taken place

in the design of runners. The use of wider, deeper and
fewer buckets has resulted in a remarkable increase in the

specific power and speed. Recent designs, such as the

Cedars Rapids and the Keokuk runners, show a capacity

about twenty times as great as the original Francis tur-

bine of 1849.

For high-head work, the development of the low

specific runner has allowed the use of the Francis runner

in place of the impulse wheel for developments such as

Eugenia Falls, where a specific speed of 16 is used for a

2,200-h.p. runner under 540 feet head.

The capacity of individual runners has greatly in-

creased, due partly to improved methods of setting. The
vertical type unit in the past has not been favorably re-

ceived by engineers, due to troubles arising from thrust

bearings. However, there are now at least three satis-

factory types of these bearings. This has allowed the use

of much larger capacities concentrated in a single runner,

and as a result has facilitated the use of large scroll cases

and draft tubes molded in the concrete substructure, in-

creasing greatly the overall efficiency of the unit.

Capacities of 20,000 h.p. in a single runner have already

been obtained, and prospective developments within the

next year are likely to more than double this figure.

Speed regulation is being given more attention now,
and the theory of design in this branch has kept pace with

commercial practice. By the judicious addition of weight
in the rotor of the generator or the use of a fly-wheel, by
a careful study of the proper velocities in the feeder con-

duits, by the installation of surge tanks, and the proper
time of governor setting, and by improvements in the

governors themselves, together with the use of pressure

regulators, the old troubles of regulation and governing
are well under control.

It is unlikely that there will be much further improve-
ment in efficiencies of the runners themselves. Improve-
ments will be confine<l to the layouts of the plants in which
the units are placed, to secure simplicity of operation and
to reduce maintenance charges.

For the thirtieth time, the Canadian Society of Civil

Engineers next week will assemble in annual convention.
Every member owes it to himself and to his profession to

be present if possible. Each engineer will likely be bene-

fited by the Society exactly to the extent that he benefits

the Society. What he will "get out" of the Society de-

pends on what he puts into it. The law of compensation
is certain and inevitable.

Important legislation is pending; the term "civil en-

gineer" will be defined ; the profession will likely be made
a closed one very soon ; matters of ethics are to be settled

;

the West and the East must be brought into greater

harmony ; in short, much will develop during the course
of next week's meeting which will make it well worth
while for every member to spend January 25th, 26th and
27th in Montreal.

THE WESTERN CANADA POWER COMPANY.

The members of the Canadian Society of Civil

Engineers who had the pleasure of hearing the very com-
plete paper descriptive of the Stave Falls plant, read last

October at Montreal by R. F. Hayward, chief engineer of

the Western Canada Power Co., have learned with much
regret of the concern's inability to meet the interest on its

first mortgage bond issue, which is between five and six

million dollars. Undoubtedly the default is largely ac-

counted for by the fact that the plant, property, franchises,

transmission lines, substations, etc., cost $400 per h.p. of

present output. It is suggested that additional units be

installed to increase the capacity to 52,000 h.p.

There is not the market in the Vancouver district at

the present time, however, for an increased power output,

and the company would not seem to be well advised in

increasing its capacity at this time. As a matter of fact,

the Western Canada Power Co., and all of the other com-

panies near Vancouver, have now a surplus of power.

The load of the B.C. Electric Co., which is the chief

customer of the Western Canada Power Co., has dropped

to where is was in 191 2. The Western Canada Power Co.

now has two 13,000-h.p. units. The B.C. Electric Co.

are taking about 10,000 h.p., and Stone & Webster in-

terests are said to be taking about 5,000 h.p., but it is

undoubtedly proving difficult to market the remainder of

the present capacity. The Heaps Co. and some of the

other big lumber firms which formerly were good cus-

tomers, have shut down to a considerable extent. Ulti-

mately, the Vancouver district will be able to take all of

the power produced by the Western Canada Power Co.

and the other companies now operating in that vicinity,

but not for some years to come.
It is unfortunate that two more 13,000-h.p. units have

already been constructed for the company and have

probably been held by their builders for some time await-

ing acceptance. Two generators are in the shops of the

C.G.E. at Peterborough. One Escher-Wyss turbine is in

customs at Vancouver, and another at their works in

Zurich. It will cost $625,000 to instal these units and to

complete the dams necessary for their operation to full

capacity. The wisdom of spending this money at present

is to be doubted in view of the state of the power market.
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Canada has wonderful water powers which it will be

profitable to develop, but afti-r the Western Canada Power
incident, capital will undoubtedly light shy of too heavy

expenditures per horse-power of marketable output.

IMPORTANCE OF RADIAL ELECTRIC RAILWAYS."

This report provides for the construction of entrances

for high-speed radial electric railways, with complete

grade separation, and terminal in the downtown district,

giving ideal conditions for efficient operation.

The Hydro-Electric Power Commission of Ontario,

on the request of 300 municipalities in Western Ontario,

is preparing estimates, and will submit reports, upon the

construction of radial electric railways, of which Toronto
forms an important terminal. Fifteen hundred miles of

line have been surveyed, for cost of construction and
traffic, and during the coming year, reports will be com-
pleted on 300 miles of line. A comparison of the existing

purported radial service of the city of Toronto with that

of other municipalities, discloses the fact that Toronto
does not possess radial service. This is illustrated by the

following table :

—

Radial Railways Entering .Municipalities and Their

Relation to Population.

.\verage population per mile

District. Route miles. Rural. Urban. Total.

Milwaukee 448 131 1,240 1,371
Detroit 793 129 352 481
Cleveland 515 264 744 i,ooS
Boston 1,453 2,190 1,023 3.213
Toronto 82 271 473 744

Radial Electric Railways Within 25 miles of Central

Municipalities for Years 1910=1911.

Miles of —Population per mile

—

District. Line. Civic. Adjacent. Total.

Toronto 60 5,462 2,132 7,594
Indianapolis 310 754 445 1.199
Dayton 254 259 705 1,164
Cleveland 217 2,584 961 3,542
Toledo 250 674 443 1,126
Milwaukee 165 2,264 1.280 3,546
Boston 762 880 1,762 2,641

'^f^o't 187 2,491 775 3,245
Cmcinnati 226 1,608 2,537 4,146

The development of long distance transmission of
power, and improvement in the art of electric traction,
have made possible the construction and efficient opera-
tion of radial electric railways, between centres of popula-
tion, filling in the gaps between surface street railways,
rapid transit systems, and rural highway lines on the one
hand, and steam roads on the other, offering many ad-
vantages to the districts through which they are con-
structed, some of which are as follows :

—

Influence on the Evolution of Large Cities.

—

A high-
speed electric radial railway enables suburban and rural

districts adjacent to large cities, to be measured in terms
of time rather than distance, and makes these districts

accessible for daily passengers to and from commercial
centres.

The construction of radial electric railways with their

improved service at lower rates increases the riding habit
of residents in rural and suburban districts, and augments
travel between these districts and the centres of population.

*From Toronto Civic Rapid Transit Report.

The following table illustrates the marked increase oi

the riding habit in a few of the many districts in thi

United States as compared with steam service :

—

Passenger rides per da\

Steam. Electric

Ann Arbor and Detroit 200 4,000

New Britain and Hartford 400 2,000

Cleveland and Lorain 116 8,493

Improved Social Conditions.—The radial electric line

enables the wage-earner, and others of limited means, to

possess in the suburban and outlying districts, more com-

modious homes, and greater opportunities for outdoor

recreation. It also enables dwellers in the congested city

districts to travel to the country with convenience, speed,

and at low rates. Statistics show that in the cases of th<

large European and American cities, about four-fifths of

the workmen travel at least 7^ miles to their places ot

employment, and the remaining fifth, from twenty to

twenty-five miles, with a limit of about one hour of travel

each way. The rapid and more frequent service en-

courages travel, from rural and suburban districts to the

cities, for business and amusement.

Improved Market Conditions.—By providing an ef-

ficient and rapid service, at reasonable rates, the radial

electric railway effects an improvement in market condi-

tions, and facilitates the handling of foodstuffs by ex-

pediting transfer from producer to consumer. Frequent

express service, at freight rates, with convenient stopSv

enables merchants to supply their customers in suburban

and rural districts, promptly, with fresh material and with

a corresponding reduction in dead stock carried.

The Chicago Municipal Markets Commission, report-

ing in 1914, states that "trolley freight service with it^

cheap rates and practically house to house collection ol

farm products should be of enduring interest to the city

consumer and to the producer."

General merchants from thirty-nine towns in Eastern

United States, reporting to the Census Bureau in 1907,

were unanimous in stating that the net result of their

business has been increased. Those towns adjacent to

large cities such as Cleveland, Chicago and Detroit, found
that whatever business was lost to those cities was more
than made up by the gain to smaller places. In practically

every case, increased business was done with the farmers,

and most of the merchants were of the opinion that

electric lines were of benefit to them.

Speed of Operation.—Following is a schedule of

speeds on various radial electric railways operating in the

United States:

—

Distance, Speed,

miles. miles per

hour.

Detroit L'nited Ry.—Detroit to Toledo. 60 30
Detroit United Ry.—Detroit to Jackson 76 26

Michigan United Ry.—Jackson to Kala-
mazoo 68.4 28

Aurora, Elgin S: Chicago Ry.—Chicago
to Glen Ellen 23 30 • 5

Aurora, Elgin & Chicago Ry.—Glen
Ellen to Elgin 1S.5 41

Chicago, Lake Shore Sr South Bend Ry.
South Bend to Pullman 76 *i

Evansville Ry. Co.—Evansville to Rock-
port 20.73 24.8

The Montreal Tramways Co. announces that the com-
pany's steam plant on Notre Dame St. East, will be enlarged
by 50,000 h.p. to 60.000 h.p. The present capacity is lo.ooo-

h.p. The first unit will be proceeded with this season.
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WOODS SUITABLE FOR CROSS-TIES.*

By R. Van Metre,

of Joyce-Watkins Co., Wood Preservers, Chicago, 111.

A LIST of woods suitable for cross-ties might fairly

embrace, with few exceptions, every species that

grows in commercial quantities. One group con-

sists of the woods that are generally recognized

as being sufficiently durable without preservative treat-

ment, and includes the white oaks, black locust, walnut

and cherry, sassafras, mulberry, chestnut, cedar, heart

longleaf pine and bald cypress. To this list some rail-

roads add all red gum and all red beech. Other roads

eliminate certain minor species and include them in the

group acceptable for treatment.

The other group consists of the woods requiring

preservative treatment, and this group is worthy of con-

stant study, for from it will come the future tie supply.

In this group may be included, with few exceptions,

every species that grows in commercial quantities, as

Ijefore stated.

In considering the value of any species for a tie,

aside from the natural durability and its capacity for

treatment, there are three points of importance :

—

1. That it be sufficiently strong to withstand the

ordinary strains due to centre binding, etc.

2. That it be sufficiently dense to resist spike-

pulling and lateral pressure on spikes ; and

3. That it be sufficiently hard to have a proper

resistance to rail wear.

It is desirable that some classification of the me-

chanical suitability of the different species as ties be

established from a comparison of their mechanical pro-

perties. The Forest Products Laboratory has been

working on this, and has suggested the practicability of

basing a classification upon a composite figure involving

the following mechanical properties :

—

1. Static bending: (a) Modulus of rupture, (h) Fibre

stress at elastic limit.

2. Impact bending: (a) Fibre stress at elastic limit.

3. Compression parallel to grain : (a) Maximum
crushing strength, (b) Fibre stress at elastic limit.

4. Compression perpendicular to grain : (a) Fibre

.stress at elastic limit.

5. Hardness : (a) End hardness, (b) Side hardness.

Such a method, using the results secured in the

many thousands of tests conducted at the Laboratory on

small, clear specimens, and combining the data on a

basis which would seem to give to the different pro-

perties a proper and reasonable weight in the composite

figure, would result in the following classification of

some well-known species :

—

Timbers Arranged in Order of Their Mechanical

Value as Ties.

Average
Species. Composite Value

Black locust 1666

Sugar maple 1 140

White oak 1050

Red oak 972

Beech 955
Longleaf pine 9^4
Red gum 825

Shortleaf pine 800

Western larch 79°

"Paper read to-day before American Wood Preservers'

Association at Chicago

Average
Species. Composite Value.

Tamarack 74°
Eastern hemlock 700
White fir 610

Lodgepole pine 590

Western yellow pine 560

Northern white cedar 420

In using such a classification, the variability of

timber must always be considered, since the strength of

any given species may vary widely. The figures given

are for average forest-grown material, and individual

pieces of any of the species may vary as much as 30
per cent, above or below the average.

The idea of attempting to develop a standard table

of this kind, based on a large number of mechanical

tests, is worthy of careful consideration. It can be

enlarged to include every species which is available in

sufficient quantities, and the writer believes would be of

considerable value to anyone facing the situation caused

b}' the decreasing supply of the oaks.

In addition to the mechanical properties, an impor-

tant factor in determining the suitability of any species

as tie material, is the question of how a wood undergoes
seasoning.

A few years ago the specifications of many of the

roads required that ties be winter-cut—between October

1st and March ist-^but in most cases this requirement

has been eliminated or entirely ignored. The writer

believes if that requirement had been rigidly insisted on,

with regard to the so-called softwoods, such truly service-

able woods as beech, gum, the maples, birch and elm,

would be standing favorably with the red oak group,

instead of having yet to prove their merit. Summer-cut
ties of these species are subject to the severe checking

and deterioration by incipient decay before treatment that

winter-cut ties escape to a great extent.

The solution of the problem of handling these soft-

woods is simple in theory, though more difficult in prac-

tical operation. It requires two things : Rigid restriction

of the cutting period to the months between October ist

and March ist, and the proper piling of ties for seasoning

at every stage from the woods to river bank or right-of-

way to the treating plant yard. Unfavorable results from

treated ties made of these woods can usually be traced

to failure to observe these precautions.

It is generally conceded that red oak is the very best

wood for ties. It is strong, easy to treat, easy to handle

to avoid deterioration before treatment, hard to resist

rail-cutting and spike-pulling. For these reasons, all

concerned would gladly limit their operations in treat-

ment ties to this wood if there were sufficient timber

available to supply the demand. But the red oaks for

ties are fast going the way of the white oaks. The so-

called inferior woods must make up the shortage, and

of these, the timber supply and rate of growth will take

care of the demand for many years.

It is not too early to begin to conserve the supply

of red oaks for future use in track where the service

is severe. This can be accomplished by letting down the

bars to other woods on their merits as proved in the test

tracks maintained by most large roads that are most

earnest in efforts to determine each wood's value.

It is only a matter of time when every wood having

the requisite mechanical properties will be used for ties.

That time will come when the producers and consumers

of ties co-operate to control the period of cutting and

method of seasoning, so that ties will reach the treating

plant with their natural condition unimpaired.
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STREETS.

(Continued frotn page too.)

This ordinance is not absolute, that is, it can be
varied at any time according to the demands of any par-

ticular street, and is so varied whenever occasion requires.

As a general profKDsition, a street in a wholesale dis-

trict is not a thoroughfare, and a roadway width that will

fill local requirements is ordinarily suflicient. On the other

hand, such a street is also little used by pedestrians, so

that a wide sidewalk is not necessary ; in fact, it is even

objectionable, as in most cases goods have to be taken

across the sidewalk from the truck to the building or from
the building to the truck, and therefore a walk should be

no wider than is absolutely necessary. If, then, a mini-

mum width of a wholesale street is taken as 60 feet, the

question is to divide this width so that it will be best

adapted for the traffic.

But one row of trucks can be loaded in front of any
building at one time. Large trucks, in Manhattan, New
York City, backed up against the curb occupy 13',^ feet.

If the opposite side of the roadway be similarly used, 27
feet in all will be blocked to transient travel on the street.

If the roadway of the street be made 40 feet wide, there
will be an unoccupied space in the centre of 13 feet, which
would allow trucks going in opposite directions to pass
without any difficulty. It, too, would leave sidewalks 10

feet wide, which would be amply sufficient for pedestrian

travel. This reasoning is based on the supposition that

there will be no encroachment whatever beyond the build-

ing line and that the entire sidewalk space will be free

and clear.

On retail business streets different conditions govern,
as pedestrian traffic is much greater, compared to

vehicular traffic, than on wholesale streets. Fifth .'Avenue,

Manhattan, New York City, is without question the

greatest retail business street in the country, if not in the

world. Its entire width is 100 feet, and this width, in the

business part of the borough, until a few years ago was
subdivided into two sidewalk spaces of 30 feet each and
a roadway of 40 feet. The property owners, however, had
been allowed to use the sidewalk space to within 15 feet

of the roadway, so that a space of 15 feet on each side

was all that was really allowed for pedestrian traffic. In

1909, a movement was begun to widen the roadway and
remove the encroachments on the street. The curb was
set back 75^ feet on each side and all projections removed
beyond 2V2 feet from the building line, so that there were
obtained a roadway width of 55 feet and a sidewalk space
of 20 feet on each side for pedestrians. This provided for

three lines of traffic on each side of the street, where be-
fore there was room for only two, and 20-ft. sidewalks
were provided for pedestrians in place of 15-ft. sidewalks.
This improvement has been carried out from 26th street

to 58th street, which is the larger part of the business
section of the street.

On residential streets the questions that have been
discussed are determined more by sentimental than by
utilitarian principles, as a great deal depends upon
whether the lots are built up solidly, as in our cities, or
whether the houses are detached. Where they are built

up solidly, the rule in force in the city of New York at the
present time, giving a roadway width of 30 feet and side-

walk spaces of 15 feet for a 60-ft. street, is probably as
satisfactory as can be obtained. In outlying sections,

however, where the houses are detached, it is possible to

reduce the roadway to 24 feet where traffic is only local,

and the width of the sidewalk itself can be a smaller por-
tion of the sidev/alk space, that is, 6 or R feet wide, ac-

cording to the requirements of the street ; the remaining

space can be sodded and allowed for the planting of trees

or shrubs. If car tracks exist on the street, however, the

principles governing are different, and probably the

arbitrary ruling of the Board of Estimate and Apportion-

ment, New York City, providing for a 40-ft. roadway, is

satisfactory. If a street is so narrow that it will not admit

of a 40-ft. roadway, but one track should be allowed on

the same, with one-way traffic, the return trallic being

provided for on an adjacent street.

A striking example of special treatment is shown in

the case of Queens Boulevard, Borough of Queens, New-

York City. This boulevard is 200 feet wide, and extends

from the centre of Long Island City southeasterly towards

the Rockaways. It is proposed to provide a space for

rapid transit and surface railroads. The arrangement
makes provision for a central space 74 feet wide for the

use of these roads and for roadways 43 feet wide on each

side of this central space, the remaining width of 40 feet

being assigned to sidewalk spaces, each to have a width

of 20 feet. Another section of the boulevard, where there

are no tracks, provides for a central portion 44 feet wide,

with adjoining 30-ft. park spaces on each side, two road-

ways 28 feet wide, and sidewalks of 20 ft.

Grades.—The question of grades of streets is ex-

tremely important, and great care must be used in estab-

lishing them. Maximum and minimum grades should be

adopted for general guidance, to be varied only in extreme

cases. Before the days of the cable and electric cars the

maximum grade in a street-car street was determined by

the ability of the horses to draw a car up a hill. That was,

in some cases, decided to be 5 per cent. The advent of

the different powers, however, in street-car work has

changed this principle, as the trolley cars easily negotiate

a 10 per cent, grade, and cable cars even steeper ones, but

it would seem that 10 per cent, is a maximum limit, unless

very exceptional conditions are encountered. As a mini-

mum, 0.5 per cent, is a good standard, but that can be

reduced to 0.25 per cent, on special streets and for short

distances.

New York City has grades on business streets as high

as 6 or 7 per cent., but they are extremely objectionable

for vehicular traffic and should be allowed only where
necessary. On some streets in the Borough of Manhattan,
New York City, there exist grades of 12 and 15 per cent.,

and one of 18 per cent. In a report made in i8g8 a con-

sulting engineer of New York City, in speaking of this

question, said: "But the City of New York has apparently

adopted a maximum grade for its thoroughfares of 18

per cent."

Duluth has grades of 12.2 per cent. ; Kansas City, of

16.5 per cent. ; Pittsburgh, of 17 per cent., and one for

an extremely short distance, some time ago, as high as

30 per cent. But probably the city that has the steepest

grades in the world is San Francisco, where one street has

a grade for about a block of 55.5 per cent., and Kearney
street, in the thickly populated section of the city, has a

grade of practically 30 per cent. ; and there are many
paved streets in the city with grades that exceed 20

per cent.

Streets with such grades, of course, cannot be used

to any extent. An ordinary staircase has an inclination

of about 64 per cent., so one can easily understand what
these excessive grades mean.

Treatment of Roadway.—Having determined upon
the width of the roadway and the grade of the street, the

next thing to determine is the treatment of the roadway.

For hundreds of years pavements have been laid of dif-

ferent materials and many experiments made to determine
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which made the best pavement. In the making of these

experiments, pavements have been laid of asphalt, coal

tar, cement, iron, brick, rubber, shells, gravel, iron slag,

and even leather, glass and hay ; but at the present time

the standard pavements are laid with stone blocks, brick,

wood blocks, asphalt and other bitumens.

Just what particular material shall be used upon any

street is a question to be decided only after careful study

and reflection, as one must know not only the requirements

of the street itself, its users and those doing business upon
it, but the character of the different paving materials. Not
enough study has been given in this country to this ques-

tion, and pavements, as a rule, have been arbitrarily laid

of certain materials without any scientific determination.

Foundation.—No matter what the character of the

pavement, it is absolutely necessary that it be laid upon

a solid foundation. It has generally been accepted by

engineers that concrete makes the best foundation, as a

general proposition. The materials for it can be obtained

at reasonable prices anywhere that pavements are re-

quired, and for that reason it is almost always used for

pavement foundations. The common practice is to mix

the concrete in the proportion of one part of cement to

three parts of sand and six parts of broken stone of a size

ranging from 2 inches downward. The thickness to which

it shall be laid depends upon the character of the traffic

on the street, but, as a general proposition, 6 inches has

been accepted as the right depth, but in special cases it

has been laid 8, or even 10, inches deep.

In the city of Glasgow, Scotland, however, where
loads weighing one hundred tons are moved along the

streets, the foundations are only 6 inches thick. The
mixture, however, is 1:2:4, instead of the 1:3:6 pre-

viously given.

Sidewalks.—Sidewalks are constructed of stone,

cement, and brick, according to the availability of the

different materials, and the cost varies in accordance with

the distance the material has to be transported.

When sidewalks are not laid for the full width of the

sidewalk space, as often occurs in residential districts, the

question comes up as to whether it should be laid next to

the curb or some distance back from it. If there is left a

space of three or four feet between the outer edge of the

walk and the curb, this can be sodded and used for plant-

ing trees. On the other hand, in the winter, when snow
is on the ground, as the snow melts the water runs to the

walk from both sides. If the walk is placed next to the

curb, when cleaned of snow the water comes only from

one side, and then flows freely to the gutter.

In cities where there is but a light snow fall, if side-

walks are only 5 feet wide, probably the best results will

be obtained by laying the outside edges some three or four

feet back from the curb.

In most American cities it has been the practice to

allow property owners, in the business section of the city,

to construct vaults under the sidewalk space out to the

curb line, and sometimes even beyond. This is a practice

which is not advisable. The street belongs to the public

from property line to property line, and should be reserved

to the public for its use. In modern times, when so many
public utilities are placed underground, it would seem that

the sidewalk space should be used for this purpose wher-

ever possible. In foreign cities it is the practice to lay

the sewer and the large water and gas mains in the road-

way, but, wherever possible, to lay the others under the

sidewalks. In this country, however, that practice has

been followed to but a very slight extent, although at the

present time the feeling in New York City is that it is

advisable to do this.

The one thing which causes the most damage to

American pavements is the constant disturbance by dig-

ging in the streets for the construction or repair of these

underground utilities, and anything that will reduce this

work will not only add to the life of the pavement, but

materially reduce the cost of repairs. In many cases it

will doubtless necessitate the construction of two lines for

each utility in the street, but the connections to the

property will be so much shorter and the cost of repairs

so much less that undoubtedly it will be an economical

proposition in the end. It may be somewhat difficult to

bring this about in the business part of the cities where
the utilities are already constructed under the roadways
and vaults exist under the sidewalks, but in the outlying

districts it Is not only practicable but advisable to place

these utilities in the sidewalk area.

^Illlllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll^

I COAST TO COAST I
.TiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiDiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii;

Saanich, B.C.—Last year the municipality of South
Saanich spent $145,000 on roads.

Ottawa, Ont.—In Canada there are projected at the

present time 375 miles of railway lines, and there are 299
miles under survey and 578 miles under construction.

New Westminster, B.C.—The city has laid approxi-

mately ten miles of pavement since the inauguration of a

street improvement campaign in 1910.

Quebec, Que.—During the past year 436.30 miles of

road were constructed in the province of Quebec, 295.60
miles of which were macadam. Since 191 1 there have
been constructed 1,667.67 miles of road.

Vancouver, B.C.—The extension of the Pacific Great

Eastern Railway to Clinton, 47 miles in length, has been

completed and put into operation. The P.G.E. has now
in operation 166 miles of its line from Howe Sound north-

wards.
Three Rivers, Que.—The Three Rivers Traction Co.,

which inaugurated their city line here on December nth,
recently opened the extension line to Baptist Island, where
the mills of the Wayagamack Pulp and Paper Co. are

situated.

South Vancouver, B.C.—According to a statement

prepared by Municipal Engineer S. B. Bennett, the con-

struction of the municipal sewerage system has so far cost

8110,212.38, or approximately one-third of the total

amount of money available for the installation.

Saanich, B.C.—The total outlay to date on the new
waterworks system is $155,000, a great deal of which has

been expended for pipe and material which has yet to be

installed. Work on the system has progressed far enough
to permit the municipality to supply the community.

Toronto, Ont.—It has been announced that the On-
tario government will give its approval to the Niagara
development idea inaugurated by Sir Adam Beck. The
government has also decided to guarantee the bonds of

the Hydro-Electric Power Commission. The first flotation

will be $500,000.

Vancouver, B.C.—The British Columbia Manufac-
turers' Association is making plans to build its own ships,

of wood or of steel, in British Columbia shipyards, and a

joint stock corporation for the purpose of building and
operating the ships will be created. It is planned to build

from 16 to 20 ships at once in the shipyards of Vancouver,

Victoria and Prince Rupert.

Vancouver, B.C.—The Canadian Pacific Railway Co.

has announced that only two miles of track remain to be

laid to give ihe rompanv a continuous line from Nelson
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10 Vancouver over tlie Kclllc Valley lines. The unfinished

irackii{;e lies in the Coquihalla section. The ollicial open-

ing of the ni'w lino, whitli is 300 miles long and connects

\\'ith the C.P.K. main line about two miles west of Hope,

will take place in the spring.

Hsqiiimalt, B.C.—Municipal Engineer Gourlay reports

I hat splendid progress was made last year on sewer con-

struction. One section was completed in February and

lias been in use since that time. That part of the section

lying north of the Esquimalt Road was completed in May,

but as the sewage in that section has to be pumped to the

level of the Esquimalt Road, considerable delay was
caused by the necessity of ordering a special pump. A
ihird section, comprising five miles of sewers, was com-

menced in May and completed in October. The construc-

tion of the only remaining section will commence this

month.
Windsor, Ont.—The Federal Light and Power Com-

pany, of Detroit, has been granted a permit by the United

States government to lay cables in the Detroit River for

the purpose of transmitting electric power from Niagara

Falls to Detroit. The Federal Light and Power Company
is an allied company of the Electric Distributing Com-
pany of this city, which was organized about six years

ago to induce the Ontario commission to extend their

transmission line to Windsor, with a view to exporting a

large quantity of power to Detroit. Vigorous opposition

developed from the start by contesting interests, including

the Edison Company, of Detroit.

PERSONAL

WILLIAM STONE was recently elected water com-

missioner of Chatham, Ont.

L. A. CAMPBELL has been appointed Minister of

Mines for British Columbia.

C. E. TISDALE has been appointed Minister of

Public Works of the province of British Columbia.

ARTHUR REID, Commissioner of Public Works for

the city of Lethbridge, Alta., has resigned. He is suc-

ceeded by Mr. Freeman.

T. SHURMAN ROGERS, of Halifax, has been ap-

pointed a director of the Nova Scotia Steel and Coal Co.

Mr. Rogers replaces Justice Harris on the board.

Dr. J. T. FINNIE, of Montreal, has been elected

president of the Railways and Transport Committee of

the Legislative Assembly of Quebec, replacing the Hon.

1. C. Kaine.

E. W. BEATTY, K.C., vice-president and general

counsel of the Canadian Pacific Railway Co., has been

appointed a director of the company to succeed David

McNicol, who has resigned.

H. G. GERVIN, chief chemist for the Steel Company
of Canada, delivered a very interesting address at the

regular meeting of the East Hamilton Businessmen's

Club, his subject being "The Manufacture of Iron."

WELDON BEATTY, of Pembroke, Ont., a graduate

of the School of Practical Science, Toronto, who has been

i-ngaged as a surveyor with the Dominion Government

txpedition up the Athabasca River, has enlisted for over-

seas service.

H. N. KEIFER, sales engineer of the Northern

Electric Co., Vancouver, who has taken a very active in-

terest in the affairs of the Vancouver section of the Ameri-

can Institute of Electrical Engineers, has been elected

secretary of the local section.

KENNETH H. SMITH, B.A.. A.M.Can.Soc.C.E.,
resident engineer at Halifax for the Dominion Water

Power Branch, recently visited Ottawa and Toronto to

consult with various government ollicials and consulting

<'ngineers. Mr. Smith also has charge of water power
investigations in Nova Scotia for the Nova Scotia Water
Power Commission.

OBITUARY
ROBERT ARCHER, a director of the Northern

Electric Company, died in Montreal, January 7th. He
was 79 years of age.

W. H. MITCHELL, a civil engineer who had been
engaged in contracting work for many years, died at

Calgary, Alta., recently. Mr. Mitchell was born at Truro.

N.S., and lived in Kingston, Ont., until nine years ago.

Of late he had been engaged on C.P.R. work.

J. KERR OSBORNE, formerly vice-president of the

Massey-Harris Company, Toronto, and for many years

prominent in the management of a number of large

Ontario manufacturing concerns, died recently at Bourne-
mouth, Hampshire, England. He was 73 years of age
and was born in Beamsville, Ont.

COMING MEETINGS.

CANADIAN SOCIETY OF CIVIL ENGINEERS.—
The Thirtieth Annual Meeting to be held in Montreal,

January 25, 26 and 27, 1916. Secretary, Prof. C. H.
McLeod, 176 Mansfield Street, Montreal.

CANADIAN RAILWAY CLUB.—Fourteenth annual

dinner to be held at 8 p.m. January 29th, 1916, in the

Green Room of the Windsor Hotel, Montreal. Tickets

may be obtained from Jas. Powell, secretary, P.O. Box 7,

St. Lambert, P.Q.

AMERICAN ELECTRIC RAILWAY ASSOCIA-
TION.—To be held in Chicago, 111., February 4th, 1916.

Joint dinner that evening with American Electric Railway
Manufacturers' Association.

NINTH CHICAGO CEMENT SHOW.—At Chicago,

111., February 12th to 19th. R. F. Hall secretary, 208

South La Salle Street, Chicago, 111.

N./VTIONAL CONFERENCE ON CONCRETE
RO.AD BUILDING.—Second National conference to

be held at Chicago, 111., February 15th to i8th, 1916.

Secretary of the Advisory Committee, J. P. Beck, 208

South La Salle Street, Chicago, 111.

AMERICAN CONCRETE PIPE ASSOCIATION.—
Annual Convention to be held in Chicago, February 17

and 18, 1916. Secretary, E. S. Hanson, 538 S. Clark

Street, Chicago, 111.

CANADIAN LUMBERMEN'S ASSOCIATION.—At
Ottawa, February i8th, 19th and 20th, 1916, annual con-

vention. Frank Hawkins, secretary, Ottawa.

NATIONAL PAVING BRICK MANUFACTURERS'
ASSOCIATION.—Meeting to be held in Cleveland, Ohio,

February 21st and 22nd. Will P. Blair secretary.

Brotherhood of Locomotive Engineers' Building, Cleve-

land, Ohio.

AMERICAN ROAD BUILDERS' ASSOCIATION.—
Thirteenth ."Annual Convention to be held at Pittsburgh,

Pa., February 28th to March 3rd. E. L. Powers secretary,

150 Nassau Street, New York, N.Y.

CANADIAN AND INTERNATIONAL GOOD
ROADS CONGRESS.—At Sohmcr Park, Montreal.

March 6th to loth, 1916. Geo. A. McNamee, secretary,

New Birks Building, Montreal.
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MAIN GARRISON CREEK STORM OVERFLOW SEWER
AND EXTENSIONS, TORONTO

A REVIEW OF THE CONSTRUCTION OF THE NEW GARRISON
CREEK SEWER AND EXTENSIONS THERETO, WITH PARTICU-
LAR REFERENCE TO SECTION NO 4, RECENTLY COMPLETED.

By R. T. G. Jack,

Resident Engineer, Sewev Section. Dept. of Works, Toronto.

WHILE \hu til\ of Toronto was developing in

\lrtue ol its increasing size and population into

Greater Toronto, the district bounded by Dupont
Street, Lansdowne .ALvenue, .'\venue Road and

College Street, an area of approximately eight square

miles, was increasing very rapidly in population, new

streets were being opened up, permanent roadways placed,

manufacturing plants established and many residences

built. The district became settled very quickly on account

of easy access to and from the more central part of the

city. The Works Department, therefore, found that a

new and much larger sewer had to be built to relieve the

Garrison Creek sewer which had been in cominission for

over 25 years, and which had becoine very inadequate to

handle the large increase in storm water and sewage. So,

when in 1912 a by-law for storm sewers had been sanc-

tioned by the ratepayers, a portion of the money was
allotted for the main Garrison Creek and its extensions.

Much time and deliberation was spent on preparing

the plans.* Numerous surveys were made to ascertain the

best and most economical route, and it was finally decided

to parallel the old Garrison Creek sewer as much as

possible. For one reason, where the route of the sewer
was off the city streets it ran through city property,

thereby dispensing with the necessity of acquiring costly

easements. Another reason was that over a half a mile

of the old sewer runs through ravines and the work could

be carried on in open cut, which is less expensive than

tunnel work. The third and probably the most important

reason was tliat junctions were to be made at several

points for the relief of Garrison Creek sewer, as it was
intended to use the latter entirely as a storm sewer.

Work was commenced in the spring of 1913, and the

last section of the inain Garrison Creek was completed
in September, 1915, at a total cost of about $1,200,000,
a saving of several hundred thousand dollars over the

estimated cost.

The first section to be let was No. i, which has its

outlet for storm water in Lake Ontario at the foot of

Strachan Avenue. This outlet is shown in Fig. 7. From
this point it proceeds north along Strachan .Avenue to

*.^n illustrated article describing the design of the main
Garrison Creek storm overflow sewer, sections i, 2, and 3.

showing cross-sections, wicr chambers, junction chambers,
etc., was published in TJic Canadian Engineer for March
20th, 1913, the author being Mr. R. R. Knight, now Citv En-
gineer of Fort William. Ont.

Defoe Street, where it turns west and Section No. 2 com-
mences. This was the next section to be tendered for. It

runs along Defoe Street to Crawford Street and north to

Lobb Street. Section No. 3 starts here and runs west on
Lobb Street, north on Shaw Street and crosses Arthur
Street to a point 300 ft. north of Arthur Street on Roxton
Road, where it intersects the old Garrison Creek sewers,

a 5-rt. 6-in. running north, a 4-ft. 6-in. sewer running
west. A very large chamber (Fig. 6) was built here for

relief of the Garrison Creek south of this point. After
this stage had been reached the engineering department
decided to construct some of the more urgent extensions,
the work on which had already started on Barton Avenue,
Section No. i. By making an outlet for Section No. i

extension in the old Garrison Creek sewer just south of

Bloor Street, it proceeds north through Willowvale Park
to Barton Avenue, where it branches, one branch running
north to Pendrith Street, west to Shaw Street, north, then
west on Manchester Avenue and north on Ossington
.A.venue. At Ossington Avenue and Hallam Street there

is a junction chamber with a section that runs west on
Hallam Street. The other branch of the main extension
runs east on Barton Avenue to Christie Street, where it

branches, one running north on Christie Street to the
C.P.R. tracks, the other continuing along Barton Avenue
to Brunswick Avenue, south to Lowther Avenue, thence
east to Avenue Road.

After these sections had been completed Section No. 4
of the main sewer was commenced, it running north from
junction chamber on Roxton Road through Prettie's

Ravine to Sully Crescent, east on Sully Crescent to Mont-
rose Avenue, north across College Street and up Beatrice

Street to Bickford Ravine, where it intersects the old

sewer again. Here another chamber was constructed, and
Section No. 5, which was the last section to be let, com-
mences and runs north to the junction chamber just south
of Bloor .Street.

The chief branch of the main Garrison Creek is Argyle
Street storm overflow sewer, a section of which is under
construction. This sewer joins the main sewer at Argyle
and Shaw Streets, running west to Gladstone Avenue,
north on Gladstone .'Vvenue and west to Brock Avenue by
way of Trafalgar Avenue, Dufferin Street, Gordon Avenue
and Middleton .\venue. It then goes north on Brock
Avenue to McConne! Street, west to St. Clarens Avenue,
north to College Street and west to St. Helen's Avenue
bv wav of College Street, Lansdowne .\venue and Lum-
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bcivalf A\ciuie. Anotlicr branch wliich the city contem-

plates building: is on College Street running east and west

from Montrose Avenue.

In the main (iairison Creek sewer, sections i, 2 and

3 were entirely constructed in tunnel, with the exception

of a few hunihed feet in section No. i, shafts being sunk

at intervals, usually where the manholes are located, and

headings driven each way from each. The excavation was
brought to the surface by means of buckets or cars that

were run on rails in the drifts. After a section of about

8 or 10 ft. had been excavated for walls and arch, forms

were placed and concrete run in through a hole that had

been previously bored from the street, a workman being

stationed to spade the concrete and to see that it wa^

brickwork laid, the G-in. x ft-in. braces being removed as

the work progressed.

It might be stated that the contractor on section No.

I did not think it necessary at first to take any precaution

against the ground pressure after he removed the forms,

so he had a section to reconstruct as the walls "kicked

in" to a considerable extent.

The design of sewer for these three sections (i, 2

and 3) was a culvert shape, with 18-in. class B concrete

(1:3:5) in walls and arch, the invert being 14 in. of class

B concrete and finished with paving brick to stand the

wear of the water.

In section No. i there are four sizes, 10 ft. 8 in. x 10

fl. 8 in., 8 ft. 5 in. x 10 ft. 8 in. (reinforced under O.T.R.

Fig. 1.—Open^cut Portion of Section No. 4, Showing
Method of Mixing and Transporting Concrete.

Fig. 3.—Placing One Ring of Red Shale Brick in Invert

After the Arch Had Been Completed.
Section No. 4.

Fig. 2.—Main Garrison Creek Storm Overflow Sewer,

Showing the Use of Steel Forms for the Invert.

Fig. 4.—Showing Method of Excavating in Tunnel,

also Steel Circular Ribs and Lagging in Place.

Section No. 4.

properly placed. The excavation was carried on in the day
time and concreting at night. .After the allotted time for

leaving forms in place (which was 48 hours at least) the

forms were removed and 6-in. x 6-in. timbers were placed

to protect the concrete from ground pressure until the in-

vert was built. Ground pressure was very considerable in

these sections as the material through which these sewers
run is, in most places, a soft blue clay.

When the concreting of walls and arch had been com-
pleted between two shafts, the invert was concreted and

and C.P.R. tracks), 10 ft. 3 in. x 10 ft. 3 in., and 9 ft.

6 in. X 9 ft. 6 in. In section No. 2 there are two sizes,

9 ft. 3 in. X 9 ft. 3 in. and 8 ft. x 10 ft. The latter has a

small oval sewer i ft. 9 in. x 3 ft. o in., alongside it to-

take care of the drj'-weather flow from the .i^rgyle Street

section of the storm overflow sewer and convert it into

the Queen Street sewer and thence into high level inter-

ceptor, through which it finds its way to disposal plant.

Section No. 3 is constructed in two sizes, 10 ft. x 10 ft.

and 9 ft. 6 in. x 8 ft. 4 in.
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Section No. 4, which is dealt with in detail in a later

portion of this article, was constructed partly in open cut

and partly in tunnel, as part of it was in very shallow

ground. There are three sizes, 8 ft. o in., 9 ft. 6 in. and

9 ft. 3 in. circular with 1 8 in. of class B concrete and with

brick invert.

As section No. 5 was in Bickford Ravine the plans

called for open-cut work, but a short section ran through

a knoll of very hard clay. This portion was tunnelled, 18-

in. brickwork being used in construction.

Owing to the unsatisfactory condition of the old

Garrison Creek sewer through Bickford Ravine, it having

cracked open on several occasions when under a heavy

internal pressure, it was decided to abandon its use

altogether and to use section No. 5 for a combined sewer.

A junction chamber was placed at the entrance to section

No. 4 with a weir which diverts the sanitary flow into the

old Garrison Creek sewer and allows the storm water to

go on down section No. 4.

In the Argyle Street storm overflow sewer, section

No. I was 6 ft. o in. circular and of i8-in. brickwork. It

was intended by the engineering department to construct

this of concrete, but after a shaft had been sunk and

tunnel work started, it was found on removing the braces

from the concrete forms that the i8-in. concrete wall

would not withstand the pressure of the soft blue clay

through which the sewer was to run. The design was,

therefore, changed from concrete to brickwork, which

was placed satisfactorily.

Section No. 2 is constructed in two sizes, 5 ft. 6 in.

and 5 ft. 3 in., with 14 in. of brickwork. In this section

a much harder blue clay was encountered and the work
was completed very rapidly.

Section No. 3, which is now under construction, is of

uniform size of 4 ft., some sections having 9 in. of brick-

work and others 14 in., the latter thickness being used

where there is a heavy ground pressure.

All the extensions decrease in their sizes as they

recede from the outlet.

The following table relates to the size and shape of

each of the various sections, together with material of

construction and nature of excavation work :

—

Sewer. Size. Shape. Material. Excavation.
Barton Ave., Sec. No. i..4'6"x6' 6^ Culvert Concrete 6i6' Open Cut

4' 6" X 5' 9"
" " Tunnel

4'6''X4'!i"
Barton .\\e., Sec. No. 2. .4' 6" x 4' ii»

' "

3' o" X 4' 9» "

3' o" X 4' 6' Egg-shaped Brick "

2' 4" X 3' 6' " " " Open Cut
2'2»X3' 3» " ' " •

Extension No. 1 8' 3* x 7' 6' Culvert Concrete Tunnel
7' 3» X 7' 6" "

8' o" X 6' 6' " " Open Cut
4' 9» X 6' o»

" " Tunnel
4'9''X5' 7»

Extension No. 2 4' 9" x 5' 7* " " "

4'9»x5'K» ' "
;;

6' o" Circular Brick

3'o»

Christie St 4'
u"

Main Garrison Creek Storm Overflow Sewer,

Section No. 4.

Lin. ft.

Length of sewer constructed 3,425
Length of sewer in open cut 1,635

Length of sewer in tunnel 1.790

Lin. ft.

Length of 8'-o" circular sewer 1.34'

Length of g'-6' circular sewer 774
Length of 9-3' circular sewer i,3io

Material u.sed in construction

—

Arch—Concrete, in proportion of i part cement, 3 sand
and 5 of broken-stone or gravel ; 18" in thickness.

Invert—Concrete, same proportions, i^%° in thickness,

and one ring (4';") of hard red shale bricks.

Location.—Starting at the junction chamber of the

old Garrison Creek sewers and section No. 3, main Garri-

son Creek storm overflow sewers on Roxton Road, 150

ft. south of Harrison Street, it runs north on a 500-ft.

curve for 400 ft., then straight northeast to Sully Crescent,

through Prettie's Ravine. Passing under Shaw Street

bridge, it goes east on Sully Crescent to Montrose Avenue,

north to College Street, turning east on College Street to

Beatrice Street and north on Beatrice Street to Bickford

Ravine, where it joins section No. 5 of main Garrison

Creek sewer.

Design.—Owing to the decided difference between the

elevation at the outlet and the elevation that was to be

used at Sully Crescent, it was possible to design an 8-ft.

circular sewer with a fall of i ft. in 108 ft., that was large

enough to take care of the volume of water that the fol-

lowing sewers, 9 ft. 6 in. and 9 ft. 3 in. with a fall of i ft.

in 300 ft. , were capable of carrying. If a sewer of uniform

size and with a constant gr.ade had been chosen from the

inlet to the outlet its depth at College Street would have

been much greater than the one constructed, thereby in-

creasing the cost of construction, as the sewer was con-

structed just at the bottom of a clav strata with wet sand

Fig. 5.—Meeting of Two Headings, Main Garrison Creek
Storm Overflow Sewer, Section No. I.

below. Had it been lower, the sand would have given

far more trouble.

Borings, which had been taken to ascertain the nature

of the materials through which the sewer was to pass,

showed a layer of v^'et sand just above subgrade in some
places and at spring line in others. It was therefore

decided that owing to the presence of the sand every pre-

caution possible was to be taken against settlement, and

the sewer in the open cut was designed with a square con-

crete base. In the tunnel section 1,090 lin. ft. were con-

structed with a circular base owing to the absence of the

sand, but in the last 700 lin. ft. the layer of wet sand came
into prominence again, and on account of the method of

construction which will be described later, this portion

was constructed with square base. The sides were ex-

cavated straight and planks placed to keep sand from

running in and thereby forming a cavity back of the arch

which would allow it to spread, and also to keep sand from
mixing with the invert concrete as it was being poured.

Under the Shaw Street bridge a short section (72 lin.

ft.) of sewer was constructed with a square concrete top,

the invert, walls and arch being reinforced with .50 mesh,

1.83 lbs. per sq. ft. This design was used here because

a number of the bents of the bridge were being carried

by the walls of the sewer.
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Open Cut Section.—Work was started on the open
cut soition liy sinking a shaft at Sla. 1(^ + 35, which was
at the end of the open cut and the coiniiiencing point of

tunnel work. Contrary to expectations, tin- ground turned
out to be a very hard clay in this portion of open cut,

right down to sub-grade. This shaft was used afterwards
for a working head in tunnel work. The excavation in

the open cut proceeded from this point to Sta. + 00, a

stop being made for two months at Sta. 12 + 35 when the

cold weather set in. The excavation w'as done by an Ohn
bucket on a travelling derrick, which proved to be much
more economical than hand work, tlie excavation being
removed for 62 cents a cu. yd. throughout the open cut.

Before closing down for cold weather 400 ft. of sewer
was constructed, wooden forms being used for the con-

crete work. ']"he concrete in the invert and arch was first

run, after which the brick invert was laid.

When the worst of the cold weather was over, opera-

lions were resumed on this portion of the work (the tunnel

work having gone on without interruption).

work to be placed in the invert. After the invert forms
were set the concrete was placed and after this had set

sufiiciently the lurnbucklis were released and the 60 ft. of

forms were drawn ahead by the engine of the excavating
machine. The brick invert was next laid. Then, 6-in. x
6-in. timbers were placed on the brickwork just high
enough to allow a 2-m. plank to be placed, to run the arch
forms on when released, the arch forms being blocked to

proper elevation off the 6-in. x 6-in. timbers. When the

concrete had been poured and had set 48 hours the forms
were released and drawn ahead as in the invert. These
steel forms were certainly a big improvement on wooden
forms as they could be set up in much less time and gave
a much more superior finish, requiring very little, if any,

pointing up.

The concrete in the first section of sewer completed
was all mixed at Sta. 16 + 35, where a steam plant was
installed to heat the material and run the mixer. The
aggregate was placed on a knoll just above the mixer and
the concrete dumped into cars below, which conveyed it

Fig. 6.—Junction Chamber. Viewed from Bellmouth of

Section 4, Showing Section 3, Old 6 ft. 6 in. and
Old 4 ft. 6 in. Garrison Creek Sewers on the

Left and Right Respectively.

Fig. 7.—Outlet of Main Garrison Creek Storm
Overflow Sewer at the Foot of

Strachan Avenue.

In the balance of the open cut, 700 lin. ft. of it was
in the ravine where the excavation was very shallow and
the work went on very rapidly. Steel forms were used
in place of the wooden ones and by so doing 240 ft. of

invert and 180 ft. of arch could be finished in six days.

These steel forms were manufactured by the Blaw Steel

Form Co. They were made in 5-ft. sections and 12 com-
plete sections (60 lin. ft.) were used. Each section was
made in four pieces, two for arch and two for invert, the

arch pieces being bolted together at the centre and
separated by tie rods, which were operated with a turn-

buckle, at spring line and half-way between spring line

and centre of arch. The different sections were held

together by U-s in one section passing through holes of

the next and held flush with small oak wedges. Each
section had four castors riveted to the angle plates at the

spring line, to be used in pulling the forms ahead w-ith-

out being taken apart. The invert forms are practically

the same, only they did not have the castors, and were

9 in. wider in diameter to allow for the one ring of brick-

along the line of work on tracks situated at the side of

the trench. In the last section, two similar points were
picked out for the mixer, but electricity was used for the

motive power, proving much cheaper than either gasoline

or coal.

The surplus excavation in the section from Sta.

i5 + 35 to 12 + 35 ^^'3^ hauled to a nearby dump so the

backfilling material for this section was obtained from
the tunnel. This was brought to the surface on the

elevator at the shaft, dumped into the concrete cars, and
carried along to where it was needed. In the section be-

tween Sta. 12 + 35 3n<l ^t^- 5 + 00 there was no back-

filling done as the arch of the sewer was above the ground
elevation (Fig. 1) and as the city is filling in this ravine

with nshes. But between Sta. 5 + 00 and + 00 the ex-

cavation was piled up alongside the trench and after the

sewa^r was completed it was replaced m the trench by the

excavating machine.

Tunnel Section.—This is the portion of the contract

where the contractors anticipated trouble owing to the
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borings showing a layer of wet sand. Most of the con-

tractors who placed a tender for this work calculated on
having to install a compressed air plant to facilitate in the

excavation work. This was the reason for vast differences

in prices submitted, the successful bidder being nearly

$20,000 less than the second one.

The work in the tunnel was carried on from four

shafts, which were situated at locations for manholes.

Steam hoists were used to operate elevators, which

brought the excavation from the tunnel to the surface in

cars, where it was dumped into wagons, taken to Bickford

Ravine and used for filling-in purposes.

The method of excavating was rather unique, havmg
never been tried in Canada before. Contrary to the usual

custom, which is to excavate the full size of bore at once,

only the upper half was removed, the lower half or bench

being left in place until all the excavating and concreting

of the arch had been completed in that heading. Tracks

Fig. 8.—Junction Liiaiuher at Lappin Avenue, Section 2.

were laid on this bench and the excavated material carried

to the shaft in cars. This bench was also useful as a foun-

dation for the concrete forms (Fig. 4). Lengths of 12 to

15 ft. were excavated at a time, and after each had been

concreted another length was taken out, and so on until

the entire drift was finished in the arch. Then the exca-

vating of the invert commenced, this being taken out in

•ilternate lengths of 12 to 15 ft. Trestlework was placed

under the tracks as the excavation was removed. Forms
were then set and filled to within 1 ft. of the arch con-

crete, this space being underpinned with brickwork after

the concrete had set for at least 48 hours to allow for

any shrinkage. When ihese alternate lengths were
finished throughout the drift the intervening portions were
treated in the same way. By this method of placing the

invert the arch was never without support for any greater

length than 15 ft., for when the alternate sections were
being taken out the intervening sections carried the arch,

and when the intervening sections were removed the invert

had the load.

In concreting the arch, steel circular ribs of 4-in.

channel iron, with 2-in. wooden lagging, dressed on three

sides, were used for the form work. These steel ribs did

not require any bracing (Fig. 4) and thereby allowed the

cars to be taken right up to the face of the work. In the

invert, wooden ribs with i-in. sheeting were used for form
work, allowance being made in placing them for the one
ring of brick that was to be laid. When all the concreting

Fig. 9.—Showing Method of Excavating and Nature of

Material, Section 2.

had been completed the trestlework and tracks were re-

moved, all the surplus concrete was trimmed off and the

brick invert laid. The concrete in the arch was mixed
rather wet until the centre of the arch was nearly reached,

when it was stiffened up and rammed back on the forms
with hoes. In the invert the concrete was made as wet
as possible to assure that no voids would be left, as it was
being poured in a rather awkward place and tamping was
almost impossiljle.

Fig. 10.—Tunnel Part of Section 4, Showing Method of

E-vcavating and Underpinning.

As in the open cut, electric motors were used to drive

the mixers, which were situated in a hole excavated along-

side the shaft, large enough for mixer and motor. The
concrete was deposited through a chute in the shaft to

cars below, which conveyed it to the forms.
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SOIL-TESTING AND EXCAVATION FOR
FOUNDATIONS.

SOME general notes on foundation work were pre-

sented to our readers in The Canadian Engineer

for December 9, 1915 (p. 671) in which a brief

reference was made to the method by which soils

are tested as to their suitability for foundations. The
method, that of making wash borings, receives more

detailed consideration in the following abstracts from

^^^. Chas. T. Main's paper as read before the December

meeting of the American Society of Mechanical En-

gineers. The writer takes up also the subjects of exca-

vation, cofferdamming, piling and other phases of general

foundation work, and his comments concerning them are

also summarized.

Wash Borings.—These are made with the aid of a

tripod, iron or steel casing, drill-rod, hose, force-pump,

bucket, etc. The tripod used to support the casing and

drill-rod usually stands 12 to 15 ft. high. The casing is

usually made of heavy pipe, 2 to 2j^ in. internal dia-

meter, and inside it works a heavy, hollow drill tube or

rod, 1 5^ to 1 3^ in. outside diameter. This drill-rod is fitted

at the bottom with a chopping bit having openings in it

for the water jet, while the top is connected with a

water hose and force-pump, the latter usually double-

acting. In action, the water is forced down through the

drill-rod, jetting through the holes at the chopping bit

and carrying up the loosened material in the annular

sp.ice between the rod and case.

The method of forcing the casing and rod down
depends on the character and density of the material

encountered. In soft material very little effort is re-

quired to work the rod down, while in hard material

more or less lifting and dropping or churning will be

required.

In order to record changes of strata and take

samples of the soil, it is necessary to know the level

of the bottom of the drill at all times and to^^Avatch the

overflow for the color and character of the soil. In

taking samples the overflow is caught in a bucket and

allowed to settle. The samples are taken and placed in

glass bottles carefully marked with the boring number,

sample number, character and thickness of the stratum

which the sample represents. To be complete the records

should also include the level of the ground water and

the elevation of the surface of the ground at the boring

referenced to some datum.
Wash boring samples do not always represent

closely the true character of the soil, as the water jet

and chopping bit change it radically by breaking it up

and separating the fine from the coarse material ; the

coarse parts are mostly pushed aside while the fine parts

are taken to the surface by the water flow. The presence

of clay in sand may be easily overlooked, while a hard

clay suitable for supporting a structure may be reported

as a soft one and unsuitable.

More reliable samples may be obtained by with-

drawing the drill-rod and forcing a pipe into the soft

soil, then bringing the pipe to the surface, thus obtaining

a dry sample in nearly its natural state. In hard soils,

such as very hard clay, soft slate or shale, the pipe for

taking samples may have its lower edge sawtoothed,

and the most satisfactory samples may be obtained by

working this without the water jet.

Test-Pits and Rods.—Test-pits furnish the oppor-

tunity of observing the character of soil, its degree of

compactness, amount of moisture, etc., but to be of full

value they should be carried well below the level of the

bottom of the foundations. In cases where the strata

change with the depth, a test-pit gives no sure indication

of tiie soil below the foundations unless carried deeper

than the level of the footings.

Testing soil with a rod is an unsatisfactory method

and cannot be relied upon to give accurate information

except in a limited number of cases. In a homogeneous

material, not too hard, the method is valuable in deter-

mining the constancy or varying density and resistance.

In a heterogeneous soil, the sinking of a rod may be

stopped by a layer of hard gravel, a rock or log, and

would not furnish reliable or complete information.

Excavation.—Work on foundations consists of ex-

cavation of earth or rock, including shoring, sheet piling,

or cofferdams, and a structure of stone, concrete, brick

or timber at the bottom of the excavation, including

bearing piles. In nearly all cases the expense of exca-

vation will increase with the hardness of soil and incon-

venience for working; but if the excavation is in sand

or soft earth, with considerable water to contend with,

the cost is largely increased by the necessary structures

for enclosing the excavations and sustaining the banks.

Earth is hard in proportion to the amount of cement-

ing material which it contains, and its temporary stability

also depends on the amount of this material, while its

permanent stability depends upon the friction of the

particles on each other. The disadvantage of hardness

for excavation is offset in many cases by the advantage

of the self-sustaining power of the vertical cut for a time

sufficient for the work on the foundation to be com-

pleted. If a vertical cut is exposed for a long time to

the weather, it may become dangerous. The effect^ of

an excess of moisture, freezing and thawing, or drying

out is to crack off the bank and gradually to approach

the natural slope of permanent stability. If the time

required to lay the foundation be very long, or the

weather unfavorable, it may become necessary to shore

up, even in firm earths, but in a much less expensive

manner than in material which has a tendency to flow.

Usuallv, in working in clean sand or gravel below

a depth of 5 to 6 ft., shoring may be done by laying in

planks horizontally along the sides of the banks, putting

in vertical timbers or planks at short intervals and oppo-

site each other, and bracing between them. Even with

this sort of shoring, it is well to make it secure, so that

no braces or other pieces may drop out and injure any

person, or perhaps cause a slide.

When sand containing water, or soft clay with run-

ning water is encountered, the saving of soft excavation

is entirely absorbed by the expense incurred in sustaining

the banks and preventing damage to any adjacent

buildings. Sheet piling must be used here, which con-

sists of planks or timbers driven closely together and

of a thickness varying from 2-in. plank to large timters,

according to the depth, pressure, and soil. Four-in.

plank is about the thickest used in ordinary work. Three

to 6-in. plank should be grooved on edges, the grooves

to be filled with splines.

The usual way for driving sheet piling is to lay out

the line for the sheet and on it drive some guide piles,

the excavation being carried down as far as possible

before commencing to drive. To the guide piles, inside

and outside, are bolted or spiked stringers or rangers,

which serve as guides for the piles at the top; a second

ranger on the Inside serves as a guide while the soil

presses the pile from the outside. The bottoms of the

piles are tapered off, and also cut slanting, so that there
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will bo ;i tendency to crowd against the next oiu' already

driven. To prevent splitting while driving, the tops

should be protected with an iron ring; the piles are

driven far enough below the grade of the bottom of foun-

dation so that no outward pressure can break them below
the bottom ranger. As the excavation is carried down,
these rangers are put in at a distance of 5 or 6 ft. apart

and the bracing from side to side done on them, .'\lthough

this is only a temporary structure, all the piles should

be new and sound, as they are subjected to severe strain

while being driven. New piles can be used again else-

where if extracted, while shaky timber would cause
trouble and perhaps cripple the sheeting, besides being

useless after extraction.

Wliere any large amount of sheet piling is done, the

steam hammer is the best driver to use, or if this type
is not available, the ordinary pile-driver with falling

weight can be used to advantage. The hammer should
be lighter than that for driving bearing piles, ^^'herc

the work is not very large, the piles may be driven with
heavy beetles or mauls, but this method is extremely
slow for thick sheeting. When driving by steam, a good
many light blows of the hammer is better than a few
heavy ones and the practice is not so apt to cripple the

planks.

In coinmoiicing construction of a building it is cus-

tomary to cut the trench around for the outside walls,

leaving the earth which comes inside the building for

the support of the sheeting until the walls arc built and
set enough to receive the outside pressure.

Cofferdams.—These are built for the exclusion of

water while work is being done. The kind employed
depends upon the nature and extent of the work, and
the strength should be somewhat in proportion to the

amount of damage or delay from failure. As the space
and amount of puddling material are usuallv limited, the

best and usual form w-ill be a bank of puddle enclosed
and supported by a row of sheet piling on each side.

Experience has shown that 4 to 6 ft. is sufficient for the

puddle to exclude the water ; but unless the dam is sup-

ported independently, its width must be in proportion

to the depth of water, so that it will not be overturned.

Good timber should be used here as in ordinary sheet

piling and for the same reasons. Where there is room,
a bank of sand against the inside sheeting will assist in

supporting the dam.

Single-sheeted dams are sometimes used success-

fully. They are made from planks, tongued and grooved,
or carefully caulked, but they can onlv be used success-

fully where the soil is not of a flowing nature ; otherwise,

when the pressure is relieved from the inside, the flow

will start under the bottoms of the sheeting and render
the dam useless. This sort of dam should never be
trusted where its failure would cause much damage or

expensive delay. A double dam will, in nearly all cases,

pay for itself.

Bag Dams.—Where the depth of water is not great,

bag dams can be used to advantage. They can be cheaply
and quickly constructed, and in some cases are almost
indispensable. They can be used for shear dams for

turning water away from foundations, especially where
sheet piling cannot be driven, for repairing breaks in

banks and for many other purposes. They are made
from strong empty cement bags or gunny sacks filled

with sand or other suitable material and securely tied

.ind deposited in the place where they are to be used.

Disposal of materials of excavation should be made
in the cheapest and quickest manner. If by carts, and

I he incliMMtion is not too great, a run should be made
from the surface to the lx>tlom of the excavation, and
the carts backed down and lillod. If by wheelbarrows,
the run should be the same. If loaded into cars on a

side track, the material may, on any sizable job, be
hoisted by derricks operated by steam power, in scales,

and dumped into the cars. If it is impossible to load

carts in the excavation itself, they may be loaded in the

same manner as the cars. In ex<-avating the trenches in

soft material the hoisting method must be used. Where
the amount of excavation is large, steam shovels can be

used to advantage.

Material to be used again for backfilling should be

put in a convenient place, and backfilling should be begun
as soon as possible, to protect the foundation from the

weather and for convenience in working.

Piling.—Where the depth of good bottom is too

great to be reached economically by the foundations,

approximately 10 ft. or more, it becomes necessary to

use piles. The determination of the type of piles depends

upon local conditions. If it is necessary to spread the

load over as much area of the underlying land stratum

as possible, wood piles should probably be used. If it

is not necessary to spread the load, a fewer number of

concrete piles with higher bearing value can be used.

If the ground water is comparatively low down, it may
be much more economical to use concrete piles and carry

the foundations down to the ground water level than to

use wood piles.

The kind of wood to use for piles is governed by

the kinds which are obtainable at the location under con-

sideration and the character of the soil through which

it is to be driven. Soft wood, like spruce and white pine,

can be driven into soft soils safely, but in hard soils

there is danger of brooming the points or crippling the

pile, and oak, southern pine or soine hard wood should

be used. As stated above, an exploration of the site

should be made by borings in order to design properly

the pile work.

The driving is done by either .1 drop hammer or a

steam hammer. In sandy soils .and soils containing

gravel the driving can be assisted by the use of a water

jet. The final blows to test the rate of penetration should

be made after the water is shut off. Indication of over-

driving is shown by the bouncing of the hammer and by

bending and kicking. . The length and size of the piles

and character of the soil determine the weight and drop

of the hammer.

John Millen & Son. Limited, of Montreal, have sold stork,

assets and goodwill of their railway and supply department
as a going concern to Frank D. Lyman, who has been man-
ager of the department for the past nine years. Mr. Lyman
will carry on the business under the firm name of Lyman &
Lyman, Limited, with offices at Montreal and Toronto.

The Dominion Chain Company, with Dominion charter,

has increased its capital stock from $50,000 to $500,000;
the North American Chemical Company, Limited, with Do-
minion charter, from $30,000 to $100,000: Ford Motor Com-
pany, Limited, with Dominion charter, from $1,000,000 to

$10,000,000; Soulangcs Rural Telephone Company, with

Quebec charter, from $5,000 to $10,000.

British Columbia has produced $73,2(X),6o3 of placer gold,

$81,595,516 of lode gold, .?37, 700,282 of silver. $31,468,462 of

lead, $86,g39,370 of copper, and .'P14Q.814.462 of coal and coke;
.$26,026,050 other metals; and building-stone, etc., a total pro-

duction of $486,822,745. The mineral production for 1014 was
.$26,388,825. Lode mining has only been in progress for

about 22 years, and not 30 per cent, of the mineral land has
been even prospected ; 250.000 square miles of unexplored,
mineral-bearing land are open for prospecting.
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FACTORS AFFECTING THE LIFE OF CONCRETE
STRUCTURES.

NO structure is permanent, in the strict sense of the
term, no matter what the constituent material or

materials may be. The degree of durability is

accordingly an item of great importance in the

consideration of all materials of construction. In the

majority of cases the most used have achieved their rank

by virtue of their resistent qualities, and their general use

has resulted from carefully gleaned knowledge and proven
skill on the part of engineers of experience.

In this respect the acceptance of concrete, since the

time when Portland cement came to be regarded as one
of the principal construction materials, was viewed with

distrust by many a doubting Thomas. It cannot be de-

'

nied that the doubts concerning its permanence and re-

liability were justified, so many early failures occurred,

due to crude preparation of cement, rule-of-thumb

methods, and inadequate knowledge of the cementing
qualities of the constituents of the resulting mixture.

Each failure added weight to criticism and incentive to

critics.

But concrete has survived ; there are surely few
engineers who do not rank it among the most resistent

structural materials known. It is needless here to review
the preponderous investigation and study through which
only it gained its worthy classification.

The probable life of concrete structures is a subject

having to do with the possible causes of their destruction,

and a consideration of the latter serves well as a basis for

an estimation of the former. Mr. Bertram Blount, of

London, Eng. , addressed the International Engineering
Congress, in September last, upon the probable and pre-

sumptive life of concrete structures made from modern
cements, outlining in the case of both plain and reinforced

concrete the chief causes which determine their life. In

the majority of cases what affects plain concrete affects

reinforced concrete and vice versa ; but the probable life

of reinforced concrete involves a consideration of the steel

severally and jointly, in addition to that of the concrete.

The possible causes of destruction of ordinary con-
crete as distinguished from reinforced concrete are listed

by Mr. Blount as follows : Bad cement, bad aggregate,
bad proportions, bad mixing, bad workmanship, bad
design, external violence, fair wear and tear, action of

saline solutions, action of acids, electrolysis ; and all the

foregoing causes of destruction are operative towards
reinforced concrete as well as plain concrete. In addition

there are: (i) corrosion of reinforcement direct or by
electrolysis. (2) cracking due to monolithic character or
possibly to stresses between the concrete and the rein-

forcement.

With these causes Mr. Blount's paper deals in part

as follows :

—

The best modern cement made of suitable raw ma-
terials, intimately mixed, thoroughly burnt and finely

ground, is as dependable a material as can be prepared
until the time comes when all cement is made by fusing
the constituents in a sort of super-blast-furnace, a method
tried some years ago, and one which is regarded by many
as an advance on the present rotatory process. But these
conditions of excellence are not always fulfilled. Chiefly

because of the endeavor to obtain large outputs of cement
per unit of plant the control of proportions is sometimes
inaccurate, the burning not uniform and the grinding not
only coarser than is desirable but "gritty." Such cement
fails in respect of the first quality absolutely essential to
the stability of any structure of which it forms part—it is

not sound. Quite useless is it to say that such unsound
cement has been used and the structures made with it are

standing ; the point of interest is how many have fallen

down. Further, there is the pregnant question whether a

buyer will not insist on a material which is certain to be
free from vice, or whether for the convenience of the seller

he will trust to luck. Generally, the man who pays can
and will get what he wants. It may be confidently said

that, given careful manufacture, rigid inspection and
thorough testing to a searching specification, modern
cement can be obtained free from all inherent vice, and
that structures of which it forms part will not be brought
to a premature end by internal treachery.

Bad aggregate is a fruitful source of trouble, and,
simple as it is in a specification to say that the aggregate
shall be "suitable, clean, sharp, well washed," and so on,

it is not always easy to get such an aggregate at a reason-

able price. Local material must almost always be used,

and it may be of the most diverse description. The one
property, which is indispensable, is that it must be chemi-
cally stable under the conditions in which it is to be used.

It does not follow absolutely that the aggregate shall be

stable per se, though it is much better that it should be;

there are materials which oxidize, or which weather, that

may on occasion act as a serviceable aggregate, but only

urgent necessity will sanction their use. Thus, in general,

rocks containing pyrites should be avoided, but it would
be pedantic to reject a granite or a hard limestone on the

sole ground that specks of pyrites are present. Not
merely the amount and size of the enclosed pyrites should

be considered ; naturally a rock containing marcasite is

ipso facto suspect. In such cases, petrological methods
of examination should be used. Similarly, slags, such as

copper slag containing much ferrous silicate, may well be

used if their silica content is high enough
;
generally, such

slags lie in dumps, and have so lain for years, and their

behavior during exposure to weather is a great guide.

The same remark applies to blast furnace slag. Analysis

is very helpful if the results are carefully interpreted, but

the behavior of the material on the dump is even better.

Speaking generally, substances containing sulphates or

sulphides, capable of oxidation under working conditions,

are so dangerous that their use should not be tolerated,

and the need of this restriction can be the better realized

when it is remembered that 1% of SO3, calculated on the

aggregate, may mean ~,% or more on the cement. Per-

haps, of all the materials used as aggregate, the most
dangerous is coke breeze. The danger lies in the fact

that some samples contain an abundance of sulphates,

and, on account of the porous nature of the breeze, these

are readily extracted, and do their deadly work on the

cement. No sample of breeze should be used as an aggre-

gate unless it has been analyzed and tested. .Aggregate

may be mechanically as well as chemically bad, but exactly

how to define that badness is not easy. Such obvious de-

fects as softness, cracks or excessive smoothness need no

more than mention, but how far a "dirty" aggregate

carries its own condemnation, is a more difficult matter to

decide. It may safely be said that clayey matter round

the coarser lumps will prevent a proper bond, but the effect

of a moderate amount of clayey matter in the sand is not

necessarily harmful. Like most practical things, it is

eminently a matter to be settled by trial, and test cubes of

the proposed aggregate compared with similar cubes of

some aggregate recognized as a standard, such as granite

chips and clean sand, will decide the point. Four other

causes of short life for a concrete structure, viz., bad
proportions, bad mixing, bad workmanship and bad de-

sign, call for little comment except this, that evil as are

all these for ordinary concrete, they are ten times worse
for reinforced concrete, because, while ordinary concrete

is generally used in considerable masses, a structure of

reinforced concrete is a more delicate affair in which all
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four sources of mischief li:i\c a greater say. Particularly
is this tlie case in respect oi bad proportions and bad
workmanship. All reinforced concrete should be as nearly
impervious as can be contrived, as it is of the utmost im-
portance to protect the reinforcement; and allliough it is

true that iron is protected in an alkaline medium, yet
reliance should not be placed on that alone ; it is far

sounder practice to make concrete of all kinds, and especi-
ally reinforced concrete, as nearly watertight as is

practically possible.

The life of concrete structures may be shortened by
causes which are external to itself. The violence of wind,
wave and earthquake, the effect of the subsidence of the
soil, etc., will destroy any structure however well made.
But, in practical affairs, one does not legislate for the
infinite, and is content to make structures so good that
ordinary natural violence will have little effect. The
simplest and most important case is that of making
harbors which must resist all these natural forces. Thanks
to our harbor engineers, a fair degree of success has been
attained, largely empirically. Putting aside for the mo-
ment the question of the quality of the ceinent, over which
they had little control, they understood in some degree
ihat the concrete must be strong and dense, and, by pro-
Iiortioning the aggregate, obtained a material which com-
plied fairly with these requirements. But accurate
measurement of voids and the knowledge that ordinary
good concrete of about i : 6 may, and often does, contain

30% of voids, have not been so generally utilized as to
prevent failures which are traceable to erosion and cor-
rosion by the sea. It is not enough that a block of con-
crete should be strong

; it must be as nearly as possible
impervious and impenetrable. The need for these quali-
ties in reinforced concrete is vastly more urgent ; rein-
forced concrete has a vulnerable skeleton, and its exo-
skeleton must be perfect. Fair wear and tear is only a
mild case of external mechanical violence, and need not
be further considered.

A particular form of external violence Is the action of
fire in any serious conflagration. It has been frequently
stated that concrete structures are substantially fireproof,
and, as far as Inflammability is concerned, this is true,
but it must be remembered that set cement is a substance
containing combined water and carbonic acid, and that
these are expelled at a comparatively moderate tempera-
lure. It might be naturally supposed that a structure ex-
posed to fire would be seriously weakened by the decom-
position of the essential cementitious constituents, and
this surmise is, of course, correct. But, for all that, the
amount of deterioration is less than one would think likely,

and the appended table shows the results of a few experi-
ments made on a cement mortar in the usual proportions
of 3 to I by weight.

• Test pieces* were heated for t hour at the following
temperatures :

—

Temperature % Loss calculated
Cent. on cement.
'^'ci 5.32 .... No appreciable effect.

-o° 14' 12 .... No appreciable effect.

300 16.68 .... No appreciable effect.

400 16. 56 .... No appreciable effect.

-Soo 17-9'' • • • • No appreciable effect.

^^<^ 21 .92 .... Sound—weak at edges.
700 22 . 24 Sound—friable.

800 25.68 Sound—distinctly friable.

900 25.08 Sound—distinctly friable.

'>oo<' 24.36 .... Sound—very weak.
'''oo 25.40 .... Sound—very weak.

•Composition of test pieces, ^ standard sand to i Portland
cement by weipht. Ag-e 3 months.

In no case, even at the highest temperature, were
there any signs of disintegration or flying, and no me-
chanical loss occurred during the test.

It will be seen thai up to a temperature of 500'^ C.

there is no appreciable alteration, and even beyond that

the test pieces show considerable stability, a circumstance
which is reassuring from the point of view of that most
important question of fireproof construction. Before ac-

cepting such a conclusion unreservedly, however, it must
be remembered that the tenderest, members of reinforced

concrete are the steel reinforcements, and that if the heat

penetrates the envelope of concrete sufficiently to soften

the steel, the destruction of the building will occur exactly

as in the case of an ordinary steel frame building.

Shortening of the life of concrete by chemical action

of external origin, which for the purpose of a list have

been put under three headings, may be conveniently con-

sidered under one. A great number of investigators have

applied themselves to determine what is the probable or

presumptive life of concrete, and, on account of the prac-

tical importance of the problem, have chiefly concerned

themselves with the action of one saline solution. The
destruction of concrete by seawater has always been,

since the days when Portland cement first began to be

used, a matter of much concern to engineers engaged in

maritime works, and, even as lately as 30 years ago, much
confusion of mind existed. Thus, because magnesia was
found to l>e a predominant constituent of various incrusta-

tions and exudations on sea work, the erroneous con-

clusion was drawn that it was derived from the cement,

and anxietv was felt concerning what could be considered

the permissible limit for magnesia in cement. Of course,

it is now common knowledge that the magnesia found has

been formed from the seawater by the action on it of the

lime of the cement, and that the small quantities of mag-
nesia normally present in Portland cement of good quality

are without influence in these cases of injury.

It may be accepted that the heaviest and most im-

portant work is block work, and in this case the cement
has ample time to harden before it is exposed to the sea.

From consideration of expense, it is sometimes desired to

use a comparatively poor mixture, but the saving is some-

times dearly bought. In fact, the ope indispensable con-

dition for a long life for work exposed to the sea is the

denseness and imperviousness of the concrete, and this

is difficult to secure unless the cement is used liberally.

It is impossible to fix a proportion, as that will depend on

the aggregate. Every case must be judged for itself, the

voids determined experimentally and enough cement used

to fill them. Whenever any good form of puzzolanic ma-
terial, such as trass and the like, is available it should cer-

tainly replace a part of the sand, for its use in forming a

calcium silicate with the lime, normally set free during the

setting of Portland cement, is iindoubtediv of value, much
conducing to the obtainment of that imperviousness which
is a necessary condition for sound and lasting work. It

should not be overlooked that anv puzzolanic material can
fulfil two functions. If coarsely ground, it acts partly as

an aggregate like sand, and it is only when ground as

finely as the cement itself that its full activity as a cemen-
titious material comes into play. There is no objection to

the use of coarse puzzolana if the suppiv is abundant and
local, but, if it has to he brought from a distant place, it

is evidently ime(-onomlcal to use part of it for a purpose
equally well fulfilled by an inert inaterial like sand. In

some cases, it might be desirable to grind the puzzolana
and cement together to an equal fineness. This plan has
been objected to by many engineers as being equivalent to

an adultration of the cement, but this view is mistaken if

the mixture is sold under its old name, and the proportions
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of the two materials are stated. JNIany laudable attempts

have been made to obtain imperviousness by the addition

of the most various materials, such as barium salts, soap

and fatty or mineral oils, but, though some of these are

of value under special circumstances, they have not as

yet shown themselves suitable for the heavy sea-work now
l>eing dealt with ; at present there is nothing better than

ordinary concrete made with most carefully chosen and

graded aggregate, with the addition of trass if local con-

ditions allow, and an ample proportion of cement. Con-

crete made thus can only be attacked on the surface, and

its destruction by percolation is well-nigh impossible. To
state its probable length of life would be a rash attempt

;

it should last indefinitely, in fact, until the harbor or other

marine work had become obsolete.

When concrete has to be cast in situ opportunity for

setting undisturbed is sometimes but poor, as compared

with that of blockwork, but the same principles hold good,

with the one addition that the setting time should be the

minimum which will allow the material being got into posi-

tion without disturbing or working it after setting has be-

gun. Seawater is by far the most abundant saline solution,

and contains those salts, magnesium salts and sulphates,

which are most harmful to cement. What has been said

of it applies to most other saline solutions vihich are likely

to be harmful, and the precautions already mentioned

apply in such cases. Of course, there are special instances

of injury by such salts as sulphate of iron or the mixed

metallic sulphates found in mine waters, but the nature

of their attack is similar, and they are of too special a

character to warrant more than mention in a paper deal-

ing with the life of concrete structures in general. There

is a common belief that salts in the act of crystallizing

may expand and thus injure a structure of which they

occupy the interstices. The amount of expansion of three

typical, easily soluble salts have been determined as

follows: (i) Supersaturated solution of sodium sulphate

—

Expansion on crystallizing, 1.45% by volume. (2) Satu-

rated solution of magnesium sulphate—Contraction on

crystallizing, 0.14% by volume. (3) Supersaturated solu-

tion of sodium thiosulphate—Contraction on crystallizing,

o-37% by volume.

Mr. Blount is of the opinion that much importance

need be attached to the view that concrete is injured ma-
terially by the crystallization of salts in its crevices, for

the crystals—even when they do connote an increase of

volume—are mechanically weak, and can exercise but

little disruptive effect. It is the chemical action of saline

solutions which is to be feared and guarded against.

Destruction of concrete by acids, and by this term

acid salts are included, stands on a different footing.

Obviously, strong acids turned to waste from a chemical

works will destroy so calcareous a material as cement, and
if the acid is sulphuric acid, destruction will proceed after

the acid has been neutralized. But there are less obvious,

though very real, causes of destruction. Many putrescent

matters, such as sewage, will give off gases containing

sulphur, and these, under suitable conditions, will oxidize

and produce sulphurous acid, and, ultimately, sulphuric

acid ; or, alternately, will form sulphides, such as calcium

sulphide or ferrous sulphide, which in due course, oxidize

to the corresponding sulphates and injure or destroy any
cement with which they may come in contact. It has

been observed that with sewage of this kind flowing

through concrete pipes the invert may be unaffected, while

the arch is seriously attacked. The explanation generally

accepted is that hydrogen sulphide, or some gaseous
organic sulphide, is generated from the liquid, and coming
in contact with the upper part of the pipe forms sulphides,

which are oxidized to sulphates by the air above the level

of the liquid. As the source of the sulphides, and there-

fore of the sulphates, is continuous, attack by the latter

proceeds, with the result that the part of the pipe which
is not immersed may suffer severe corrosion. It is im-
practicable to prevent access of air and to turn the whole
sewer into a septic tank, and the only reasonable course
is to use some other kind of pipe where the conditions
mentioned are known or suspected, or to face the expense
and trouble of occasional repairs.

Closely connected with corrosion of concrete by acids,

actual or potential, is attack by electrolysis. .All cement
contains a small quantity of alkali, and this is an excellent

electrolyte and will serve to convey such a current as may
be straying from a lighting or power circuit. Instances
ha\ e been recorded of destruction of concrete by such
stray currents, and in this case, again, prediction of a

probable life of the structure is clearly impossible. But
stray currents are not in the same category as wind and
wave and earthquake and their divagations should be pre-

vented by proper insulation. To regard them as inevitable,

like the rain, is not the attitude of mind of the electrical

engineer, and it is to him that we must look for preven-
tion. Suggestions to make the concrete waterproof,
where there is a possibility of electrical leakage, are, how-
ever, well worth consideration, and in such cases, which
should be rare, a sheath of some asphaltic material, such
as is used for damp-proof courses, would be serviceable.

But it cannot be too clearly said that this is the wrong
principle to go on ; it should not be necessary to protect

concrete from stray currents, because those errant currents

should be kept in their narrow channel.

The quality of cement for reinforced concrete must
be at least as good as that for ordinary concrete, and, if

possible, should be better. This is not because the latter

should not be as near perfection as the maker can achieve,

but because Portland cement for reinforced concrete is, as

it were, a pioneer of progress, and what is a special brand
for such purposes to-day will be the ordinary commercial
article to-morrow. Turning to steel, one may say that no
better example of the advantage of that scientific direction

which is now applied to Portland cement could be found
than in the case of the steel, and it is significant that the

metal, the more difficult of the two to manufacture, was
being made of good and uniform quality before chemical
principles were recognized and acted on in the manu-
facture of Portland cement. Thanks to the fact that for

some forty years the regulation of the composition has

been in the hands of the chemist, little is left to be desired

in the modern commercial product. Of course, cases have
occurred, and will occur, of careless manufacture and in-

spection where brittle and inferior material has found its

way into the work, but they are not numerous and only

rank with such failures as arise in all structures. Good
as modern mild steel is, it may be properly asked whether,
in some cases at least, steel of a higher grade and greater

tensile strength may be advantageously used. This applies

to ordinary structures and is, of course, obligatory for

such buildings as safe deposits where the metal must not

only have a good tensile strength, but be so hard as to be
practically undrillable.

Turning now to reinforced concrete one may say that

all the causes of attack, and consequently shortened life,

which have been discussed under the heading of ordinary
concrete, are valid equally with reinforced concrete, and,
in addition, there are some other causes peculiar to rein-

forced concrete. In practice, the reinforcement consists

of steel in some form, and is subject to the same corrosion
as steel in other structures. By a very fortunate circum-
stance, cement is an alkaline substance and the metal,
iron, in an alkaline medium does not rust. These com-
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lorting facts do not warrant the deduction that the steel

ii'inforcement is immune from corrosion. That is true

only if it is completely enclosed with concrete which is

fully in contact with it and is free from fissures, a cogent
reason for the use of concrete, for reinforced work, of a

higher grade than that generally necessary. It is highly

desirable that the concrete should not only be without

fissures, but should be impervious. The advantages in

preventing the percolation of any saline or corrosive sub-

stance are so great that the extra trouble and cost are

w ell repaid.

Regarding the conditions which influence the stability

of reinforced concrete, it is highly desirable that a full set

of tests should be made to obtain reliable data on two
points, vis., rate of percolation and alteration of strength

of reinforced concrete; and, in both cases, the test pieces

must be prepared by an operative accustomed to such

work, and carrying it out as it would be carried out in

practice under proper supervision. No reliable data

obtained by experiment, as distinct from observation, are

extant, showing whether reinforcing steel will corrode;

and here again, a full set of tests should be made. Casual

observations of the condition of the metal in reinforced con-

crete which has 1)een exposed to severe natural conditions

are of the utmost value, but we want something more than

that. We want definite facts which will tell us what is the

prospect of life of reinforced concrete properly and care-

fully, but not meticulously, made, when it is exposed to

the most drastic conditions which it will be called upon to

endure in practice ; and one of the governing factors is

the non-rusting of the steel. In matters of this material

importance, it is not sufficient to come to a conclusion on
general principles alone, but these must be used in con-

junction with experimental data as accurately obtained

and obtained over as long a period as practical require-

ments allow. It is true that long-time tests may be useless

and obsolete before their term is out, 20 years, 50 years it

may be, not much in the life of a structure, but the trouble

and cost of making them is trifling, and sometimes their

results are priceless. Let us build for posterity in this

matter; it is easy for them to discard our juvenile ideas,

but now and then they may find something good. With
the knowledge of this date, it- seems fairly certain that

little fear need be felt of steel reinforcement rusting when
well embedded in good non-pervious concrete of adequate
thickness, even when the structure is exposed to seawater
or other saline solutions, but the case is altered when the

concrete is exposed to electrolysis. As has been mentioned
above, cases have been observed of the destruction of

ordinary concrete by electrolysis, and the risk of injury to

that is small compared with the likelihood of destruction

of reinforced concrete by the same cause. The advantage
of an alkaline medium may disappear, and the steel rein-

forcement serving as a positive electrode may be attacked

by all the negative ions of the electrolyte. Corrosion will

be rapid, and the stresses exerted by iron rusting are

known to be large, though they have never been com-
puted. It must be remembered that it is not necessary

for there to be a direct electrical leak from the inside to

the outside of the concrete. Wherever the current flows

there must be a drop of potential, and as the joints be-

tween the metallic members are electrically poor, it is cer-

tain that at all those points corrosion must occur. In a

modern structure honeycombed by electric leads, most
serious results may occur from such unsuspected cause,

and the mischief may be wrought secretly and effectively,

quite nullifying any reasonable presumption of the life of

the structure.

There is another fact which tends to limit the life of

a structure made of reinforced concrete. One of the great

advantages of this material is its homogeneity. A properly
designed and made structure is as much of a piece as if

it were a casting, and, like a casting, experiences internal

stresses. These can be minimized or provided for by care-

lul design, but there is no process equivalent to annealing
by which they can be removed. Instances are on record
where cracking has happened in long continuous lengths

or in large thin walls or panels, which, assuming material

and work to be free from fault, must have been caused by
internal stresses. There is always some stress, and the

amount may be increased by part of the structure being
wet and another part dry, and it is just on this point that

very little exact information is available. Because, by a

liappy accident, the co-eiricients of expansion of steel and
concrete are nearly identical, it has been too hastily

assumed that stresses between the two are negligible, the

fact being overlooked that wetting steel has no effect on
its size, and wetting concrete has a well-marked effect.

Thorough investigation, using large test pieces over a

long period and under perfectly determinate conditions,

would be of the utmost value, and would afford us data

superseding the somewhat casual observations on which
loo much reliance has hitherto been placed.

That this knowledge is of much more than academic
importance will be admitted when the construction of dams
in reinforced concrete is considered. In a dam, every

element of destruction of the kind which has been dis-

cussed must be studied and prevented. The concrete must
he watertight, for any percolation through pores or cracks
will be much more Injurious than a similar leakage

through an ordinal y concrete or masonry dam. The very

core of the structure will be attacked, and its ruin is only

a question of time. The fact that a dam is a monolith,

and may be a huge one, with a crest which is slim and
delicate compared with the base, and that it lies, as it

were, between wind and water, wet on one side, dry on

the other, with a fluctuating height of wetness and a vary-

ing load, enforces the absolute necessity of knowing pre-

cisely what internal stresses must be met.

Of all the causes of destruction, by far the most im-

portant is corrosion by saline solutions, and it is the most
insidious, as the structure exposed to the action of the

solution—whether a harbor or a sewer—may be covered

by the attacking liquid, and difficult to examine. For
such structures, impermeability is imperative. Reliance

on any form of silting up, taking up, covering by organic

growths, is mere lazy folly. The material must be free

from interspaces which are not microscopic and discon-

nected. Anything approaching a channel is undoubtedly
mischievous, and may be fatal. This axiom has been
arrived at painfully and with heavy cost in the hard school

of experience before reinforced concrete was thought of,

and is doubly axiomatic— if one may be pardoned the term—^when the concrete has in its heart a more sensitive core,

protected, it may be, by a layer only two or three inches

in thickness. The permanence of concrete depends on its

imperviousness, and that any condition which limits this

limits its life almost pari passu.

All other causes which tend towards destruction sink

into insignificance beside this, but for all that they must
not be ignored. The next worst, closely approaching the

severity of attack of saline solutions, is the injury caused
by aggregates of the class of coke breeze, containing

sulphates of potential sulphates. From the very nature of

the material, and from the use to which it is put, namely,

to make light floors, ceilings and partition walls, it is clear

that it cannot be impervious, and it follows that whatever
water reaches one of its surfaces will speedily make its

way to the interior. Where water can go, air can follow,

and the assumption that sulphides are fairly harmless falls
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to the ground, because ihey are in the most favorable con-

dition to become sulphates, and the fate of the structure

is then settled.

Next in order of sinister magnitude is the injury

caused by electrolysis. It is true that the cases recorded

:ire at present few, but it must be remembered that the

transmission of large currents at high pressures is a com-
paratively modern thing, that large structures of rein-

forced concrete are comparatively modern things, and the

most progressive spirits cannot hope to see buildings only

five years old fall like the walls of Jericho. It may soothe
their natural impatience to reflect that although the

structures and the electrical power are fairly new, yet

human blundering is fairly ancient and to be relied on, and
on that ground alone, it is reasonable to suppose that

failures induced or exaggerated by electrolytic action will

become fairly common, particularly when there is a steel

core to attack and an electrolyte additional to those alkali

salts which naturally occur in any normal cement.

It has been necessary to indicate all those causes of

injury for destruction which are to be reckoned with as
affecting the life of concrete structures made with modern
cement, and the impression conveyed may be that all such
structures are so liable to decay as to be almost ephemeral.
The conclusions to be drawn, however, are these : First,

that there exist causes of destruction, internal and ex-

ternal, which, if uncontrolled, will certainly destroy any
structure, even when its design is impeccable, and that its

life is at the mercy of these causes, and though its death
may be lingering, it is certain. Second, that all such
causes, except extreme external violence, can be con-
trolled, and their effect nullified by knowledge, care, and
skill exercised in the directions mentioned and discussed
above; and, as a necessary result, by the practical elimina-
tion of nearly all these attacking forces, security and
something like permanence will be attained.

GRADATION OF ROAD TRAFFIC.

THE report presented at the annual meeting of the

Canadian Society of Civil Engineers last week by
the standing committee on roads and pavements,
contains an appendix relating to trafific gradation,

that is as follows :

—

Traffic is not only to be regarded from the standpoint

of total tonnage, per foot of width of pavement or road-

way ; but also from the standpoint of predominating class

of vehicle, speed, and maximum weight of vehicle, etc.

.\n analysis of the various forms of trafific may be made
as follows :

—

Horse-drawn
steel tires.

Self-propelled

rubber tires.

Pleasure
vehicles.

Farm or
commercial
vehicles.

Extraordinary.

rPleasure

I

vehicles.

-; Commercial
trucks.

Extraordinary.I',

Single horse,

double o. pair.

Single I Loaded.

I
Not loaded.

Double "j Loaded.
VNol loaded.

Quarry, brickyard or other
regular and destructive traffic.

Less than 7-seat motor.
Seven-seat or over.

Loaded.
Not loaded.
Motor bus or other special traffic.

, 1
.

'
> Steam lorries and tractors, with trailers, etc.

steel tires. J

The conclusions from a trafific census as to unit

weight and other details can be only approximate. Re-
finement in traffic census might be dilficult for many town
or city engineers to obtain, and might defeat the aims of

the committee. A general and simplified classification is

therefore under consideration, which may be briefly ex-

pressed, for which purpose the following is suggested :

—

Horse-drawn
steel tires.

Self-propelled

rubber tires.

Self-propelled

steel tires.

A.
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MASONRY DAMS.»

By Arthur P. Davis and U. C. Henny.

Tllli remarkable progress ol the last few years in

ihe application of science lo the uses of man has

extended to the design and construction of dams.

The wide range of experience covered by recent

practice in this branch of engineering aifords an extensive

field of study and an inexhaustible mine of information.

The progress of sanitary science, demanding better

and more generous water supplies for rapidly growing

urban population ; the wonderful growth of water power

development ; and the demands of irrigation and flood

control have all performed their parts in stimulating the

construction of dams of all classes ; and the large number

of such structures recently build have led to the evolution

of ideas and theories that inevitably accompanies im-

portant experience.

The two great classes of dams are those of masonry

and of earth, which, though fulfilling identical functions,

are so different in character and construction as to re-

quire widely different treatment both in theory and

practice. Between these two distinct classes, the rock-

fill and the combination of earth and rock-fill constitute a

third class partaking more or less of the characteristics of

both the main classes.

For a logical treatment of the subject, it seems best

to ignore the purpose of the structures. While this may
at times exert some influence on design its effect is gen-

erally not of a material character. The more natural

division already mentioned refers to the material of con-

struction, generally dictated by considerations of founda-

tion and materials available.

Up to 30 years ago, only one general type of masonry
design had been carried out in .America, namely, mass
masonry, depending for stability against water pressure

on weight of material.

The most favorable disposition of material was de-

termined upon the assumption that tension in masonry
should be avoided, leading to the requirement that at any

horizontal plane the resultant of all forces should fall

within the middle third. The theoretical section, consider-

ing water pressure alone, thus became a rectangular tri-

angle, with its apex at maximum high-water level, a

vertical water face and a downstream slope of approxi-

mately 2 lo 3, dependent on the specific gravitj' of the

masonry. This theoretical section was then adjusted to

the constructural necessity of providing top width and the

limitations assumed for permissible compression stresses

in the dam itself and on the foundation. In some cases,

ice thrust was assumed in addition to water pressure.

Examples of this type of dam are the old and new Croton

Dams and the Ashokan Dam of the New York Water
Department, the Wachusetts Dam for the supply of the

Metropolitan District, including Boston, the Elephant

Butte Dam of the United States Reclamation Service near

El Paso, and numerous others. These dams are all in-

tended for water storage and are not subject to overflow,

independent spillways being provided to pass flood waters.

The same type, with the addition of an apron, is very

commonly used in diversion dams, as in the case of the

Granite Reef Dam, near Phoenix, Ariz., the Bull Sluice

Dam near Atlanta, Georgia, and especially the Le Grange
Dam, near Modesto, Cal., the latter having a height of

100 feet. The Boonton Dam, near Jersey City, is an ex-

ample of a dam which for part of its length acts as a

spillway.

* From a paper on "Dams," presented at the Intema-
national Engineering Congress in San Francisco.

Mr. John D. \ ;in Huren, in iSy5, pointed out the
danger of sliding to which dams of this type are subject,
if approximately horizontal cleavage planes exist in the
masonry itself, or in the foundation. The upward pres-

sures in such planes tend to reduce the pressure of super-
structures upon foundation, upon which resistance to slid-

ing is largely dependent. The failure of the dams at

.'\ustin, Texas, and at Austin, Penn., illustrates this

danger. An increase of section and weight was therefore

proposed to meet this danger, the extent of which can be
only surmised, as it is dependent on factors dillicult or

impossible to determine. The San Mateo Dam, near San
Francisco, was designed to resist uplift under its entire

base, equal to the hydrostatic head, reservoir full.

This involves the assumption that cleavage planes can
exist in which there is no point of contact between the

over and underlying strata, and yet these bodies are so

close together as to confine the leakage and produce full

uplift. This condition is, of course, impossible and can
hardly be approached in practice. Various compromises
have been proposed, all either involving some diminution

of pressures near the downstream slope, or making reduc-

tion for areas in contact. The Olive Bridge and Kensico
Dams of New York City Water Supply were designed on
the theory that upward pressures would occur equal to

full head of full reservoir on the upstream side, and full

head of ground water on the downstream side, the head
varying uniformly between these limits.

Natural conditions vary widely, but it is not safe to

assume any foundation to be entirely impervious. The
determination of the perviousness of natural formations is

one of the most difficult things in nature. Any examina-
tion of such formations which disturbs them, changes the

conditions which it is desired to ascertain ; for this and
other reasons, it is necessary to allow a large factor of

safety in any estimates which involve this factor.

In general, it may be said that water will more readily

follow seams or bedding planes than devious paths
through the material of the rock. It follows that it will

pass more readily and in larger volume in the direction of

stratification than in a direction normal thereto. Similarly,

stratified rock will permit percolation more easily and in

greater volume than good massive rock, such as granite.

Granular rock, such as sandstone, is likely to trans-

mit more water through the rock itself than one of denser
or finer grain, such as limestone or shale, but no exact

rule of this nature can be laid down, because there are

many varieties of each kind of rock with various percolat-

ing capacities. In general, however, the following rules

may be taken as a rough guide :

—

1. Massive or crystalline rocks, such as granite,

gneiss and schists, will transmit water less freely than
those of sedimentary origin.

2. Stratified rocks will transmit water much more
readily in the direction of stratification than transversely

thereto.

3. In the direction normal to stratification, sandstone
will generally transmit water more readily than limestone,

and the latter more readily than shale.

4. Stratification on a plane approximately horizontal

is the worst possible condition for introducing upward
pressures beneath a dam. Conversely, the most favorable
position in this respect for stratified rock is in vertical

beds.

Avoidance of tensile stresses in the water face of a

dam is clearly of the utmost importance in connection with
uplift pressures, since cleavage planes might otherwise be
formed at the point of greatest danger. Some interesting

experiments with small models of dams made of flexible
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material indicate that even with the resultant falling

within the middle third, tensile stresses are liable to exist

at the heel of the dam. The existence has also been

alleged of severe shear stresses, such as would materially

reduce or neutralize supposed factors of safety.

The success, however, of so many of the dams ol

ordinary gravity type where no distinct cleavage planes

exist in the foundation material, makes any large addition

to the triangular section seem unwarranted. Moreover,
other and more economical means suggest themselves for

overcoming danger of sliding, the foremost of which has

been the adoption of a plan for the dam curved upstream
instead of straight. Each portion of the dam remains
self-supporting by its own weight as to horizontal water
pressures, while arch or wedge effect will develop in case

of tendenc}' to slide. Its application generally involves

but a moderate additional mass, where the dam is rela-

tively short. The Furens Dam in France, the Cheesman
Dam in Colorado, the Roosevelt Dam in Arizona, the East
Park Dam in California, and the .A.rrowrock Dam in

Idaho, illustrate this principle. The Sweetwater Dam in

California, as originally completed in 1895, is an example
of a dam in which, considered as a' gravity dam, the re-

sultant with reservoir full strikes outside the middle third,

and in which the arch effect due tO' its curved plan is

depended upon to prevent tension near the water face. It

was, however, enlarged in 191 1, as a gravity structure.

Uplift pressures being due to penetration of water
can be reduced or prevented by increasing the density of

the masonry near the water face, by surface treatment of

this face, and by deep cut-off and drainage. All these

means are now being employed, as, for instance, in the

case of the Elephant Butte Dam, New Mexico. The con-

crete masonry, for a depth of 10 feet from the water face,

is extra rich in cement, the face is given a one-inch mortar
coat with a cement gun, the cut-off wall at the heel has

been carried to a great depth (Max. 100 feet below river

water), and the method of grouting under pressure is em-
ployed to 50 feet greater depth. Downstream from the

plane of closure, drainage wells have been provided in the

masonry and drilled in the foundation to dissipate pressure

of seepage water. Similar precautions have been taken

at the Arrowrock Dam, Idaho, which, moreover, is built

on a curved plan.

Another method for reducing uplift pressure is used
in the case of low diversion dams built on water-bearing

material, as, for instance, the Grand River Diversion

Dam, Colorado. This consists of a concrete blanket or

apron extending upstream from the heel of the dam, with

cut-ofif wall at upstream edge. The effect of such apron
is to lengthen the path of percolating water, thereby re-

ducing the upward pressures under the dam, which, more-
over, is given added weight to resist the estimated remain-

ing uplift. The same effect has been aimed at in puddle-

fill on the water side, which method appears to have been
more common in Europe than in the United States.

It is apparent that the natural process of silting,-

where water carries silt, will aid in reducing upward
pressures, the artificial means, in case of silt-bearing

water, being especially intended to obviate danger during
the earlier years.

In low dams constructed of wood, it has for a long
time been customary to provide a water face with a rather

flat slope, resulting in a vertical water load on the founda-
tion which would tend to resist sliding. This type of dam
has been copied in reinforced concrete for structures of

considerable height. Near Douglas, Wyoming, a rein-

forced concrete dam of this type has been built for storage

purposes, having a total height of 130 feet. A portion of

this dam is adapted to overflow as a spillway. A notable

overflow dam of this type is the Clackamas Dam, 70 feet

high, recently built near Portland, Oregon.

The water slab is supported by buttress walls, which

afford a relatively long base up and downstream, impart-

ing great safety against tensile stresses (except in the

reinforced slabs themselves), and also rendering it eco-

nomically practicable to reduce foundation loads either by

spreading of the bases of buttress piers or by placing them

on a continuous concrete floor. It is essential that such

floor be provided with weep holes to eliminate upward

pressures.

The low foundation pressures which can thus be eco-

nomically secured render this kind of dam practicable on

gravel foundations, provided a deep cut-off connects with

the water face slab or the latter be extended upstream in

the nature of an apron. Dams of this type have also been

built on clay foundation, slight settlement being im-

material in view of possibility of sliding adjustment be-

tween abutments and water face slabs.

The facility with which construction of this kind of

dam will permit handling of flood flow during construc-

tion is obvious and valuable.

This type of dam has also been executed in steel, as

in the cases of the Ash Fork Dam in Arizona, and the

Hauser Lake Dam, Montana. The latter dam failed, but

its destruction is believed to have been due to insufficient

cut-off and piping, part of it having been founded on

gravel, and is in no way to be attributed to the substitu-

tion of steel for reinforced concrete.

Dams to be constructed in relatively narrow canyons

invite "consideration of the use of the arch principle, not

merely as a safeguard against sliding, but as the chief

means of resisting horizontal pressure. The famous old

Bear Valley Dam, California, now made useless by the

construction of an arched gravity dam a short distance

downstream, furnishes the boldest example of this type,

in which arch pressures may have existed of over 70 tons

per square foot. More recent instances are the Pathfinder

Dam, Wyoming, and the Shoshone Dam, Wyoming, of

the United States Reclamation Service, the dam near

Ithaca, New York, and a number in Australia. The safety

of these dams depends upon unyielding abutments and

limitation of arch pressures. These pressures generally

range between 15 and 30 tons per square foot. Danger

from sliding due to upward pressures is absent. The

division of load between the arch and the cantilever intro-

duces secondary stresses the nature of which is as yet not

thoroughlv understood.

Dams of this type are usually protected from overflow

by independent spillways. The Huacal Dam, in Mexico,

has but a partial spillway protection and may at times be

overtopped, for which reason an auxiliary low dam was

built downstream to form a water cushion and protect the

foundation.

All the above dams are arched to a radiiis, which re-

mains constant from foundation to top. Considerations of

economy have led to a design with a variable radius and

as near as feasible constant circumscribed angles. The

principle has been developed by L. R. Jorgensen, IMem.

Am.Soc.C.E., who shows that a considerable saving of

masonry may, under favorable circumstances, be effected,

and has been applied in the Salmon Creek Dam, Alaska,

and the Lake Spalding Dam, California, and on a smaller

scale in the Clear Creek Dam, Washington, which latter

is also an overflow dam. It may be stated as a matter of

historical interest that the original Bear Valley Dam was

built with a shorter radius in the lower part than in the

upper.

A series of vertical arches supported by buttress walls

was used as a low spillwav dam in ronncrtion with the



iSS THE CANADIAN ENGINEER Volume 30.

East Park Reservoir, Calitornia, lor purposes of economy
and Icngtliened spillway crest.

The principle of the inclined face dam with buttresses
has been successfully used recently by substituting arches
for flat slabs, resulting in the multiple arch type. This
permits avoidance of beam tension in the closing curtain
and obviates the necessity of dependence upon concrete
embedded steel, the life of which, in saturated concrete, is

as yet a matter of uncertainty. A diversion dam of this

type was built on the Umatilla River in Oregon, and a
storage dam with a maximum height of 6i feet at Hume
Lake, California. A singular example of this type of dam
occurs on Lost River near Klamath Falls, Oregon, where
a plan in the shape of an elongated horseshoe was adopted
to give the desired length of overflow so as to avoid sub-
mergence of valuable land in times of freshet, and to
provide a basin for receiving the overflow water.

Contraction Joints.—The reinforced and multiple
arched types naturally contain numerous contraction
joints. .Such joints were introduced in the Ashokan, East
Park, .Arrowrock, Elephant Butte, and other gravity
dams. Dams of the pure arch type have, however, been
generally of monolithic construction, the need of contrac-
tion joints being less marked by reason of greater flexi-

bility of the general body. No cracks have been so far
observed in the Pathfinder Dam. The Shoshone Dam
shows a very slight crack near the top at each abutment.

Contraction cracks being objectionable from the
standpoint of ultimate life, as well as appearance, many
dams are now provided with contraction joints for a part
of their height. These are placed from 100 ft. to 50 ft.

apart, and near the top so.Tietimes closer. They are pro-
vided with one or more keys and at times with a metal
water stop, and usually with a drain back of the closure.
These joints permit shrinkage due to setting, as well as
to temperature effect, and tend to reduce secondary
stresses. They do not seem objectionable in any way,
except in requiring more form work. The work can be
laid out so as to construct the alternate sections, at least
near the top, at a time when contraction is at a maximum.

Material.—The material used in masonry dams has
been coursed masonry throughout, rubble masonry faced
with coursed masonry, using ordinary mortar or concrete
mortar in connection with very wide joints, coursed
masonry faced with concrete interior, and all concrete
with or without plumstones. The use of concrete has
been growing in favor. It can be laid mainly by
machinery, and is economical in many locations where
good rock is not available. The economy of its use has
recently become more marked through improved processes
of mixing and depositing. It requires, however, more
cement than rubble masonry, which, where distance of
cement haul is an important factor, may render the latter

at times the cheaper.

The New York Board of Water Supply has built two
dams of concrete, faced on both sides with concrete blocks
laid in mortar. These block faces serve instead of forms,
and as they can be cast while foundations are in prepara-
tion and in all kinds of weather, they tend to expedite con-
struction. Their chief virtue, however, is their appearance.

Portland cement is now universally used in mortar
and concrete and is shipped from commercial mills. The
mass concrete is generally proportioned 1:3:6, the ag-
gregates being crushed rock or gravel tested for minimum
voids. In some cases Portland cement has been ground
locally with sand (sand cement) in proportions varying
from 40% to 50% of the mixture. This material was
largely employed on the Arrowrock and Elephant Butte
Dams, in order to reduce the proportionate cost of cement.

It sets more slowly, however, and loniis arc therefore

more costly per cubic yard, as they cann>t be removed as

soon as with normal cement concrete. This lends to re-

duce the saving due lo reduction in pure cement. A like

result follows from the tendency to increase the proportion

of sand cement, as compared with norinal Portland cement
used in the mixture. There has also been observed greater

liability of damage to surfaces from frost, probably due
to slow hardening. The tests with concrete blocks show
a slightly reduced strength, but indicate no reduction of

strength with age and a strength ultimately equal to that

of straight Portland cement. It is only on work of great

magnitude, where freight items are large, that any saving
can result from the use of this material.

The concrete with either Portland or sand cement is

usually mixed sloppy, water being carefully limited, how-
ever, so as to avoid excess. This consistency permits dis-

tribution from towers and through pipes. It is worked
by shovelling and man-kneading so as to make it as homo-
geneous as feasible and to release contained air. Spades
are used next to the forms to insure sound and tight sur-

faces. The tendency to the formation of smooth surfaces

between old and new work is counteracted by wire brush-
ing and by imbedding plumstones.

Cement Made Locally.—It is the universal custom to

transport Portland cement to the locality. An interesting

exception is the case of the Roosevelt Dam, in Arizona,

where the distance from the nearest railroad point was
60 miles, with mountain roads intervening. Suitable

materials for manufacturing cement were found near the

site and local manufacture caused a saving estimated at

over $1,000,000 in the construction of 360,000 cubic

yards of masonry.

Movable Dams.—The use of movable dams has been
steadily increasing to meet conditions under which it is

necessary to maintain a relatively constant water level

under fluctuation, flood or changeable uses of water.

Devices for such use are very numerous. The various

forms of wickets and shutters have been long in use in

Europe and America with a fair degree of success. The
more recent bear trap, to be operated by water pressure,

has had several modifications and has been frequently

employed.

The Stoney sluice gate, gliding on movable rollers to

reduce friction, which is employed extensively in the great

Assuan Dam of Egypt, has been adopted, with some
modification, for the spillway of the Gatun Dam at

Panama. It has also been employed in many other cases.

For cases in which long span is essential, the roller

dam patented and employed in Europe for some years, has
recently been introduced into the United States, the first

installation being a small one upon the Boise River in

Idaho, and several larger installations are now in progress
on the Spokane River, in Washington, and the Gr.ind

River in Colorado. This, in addition to the practicability

of very long span, has the advantage of simplicity, cer-

tainty of action, and a good degree of watertightness.

To accomplish the same purpose by another method,
the siphon spillway has recently been introduced to this

country from Europe, and used in several cases with suc-

cess. Having no moving parts, it is well adapted to

certain locations where there are no complications from
drift, and where the volume of the fluctuation is moderate.
It has the further advantage of being adapted to construc-

tion of concrete, and is, therefore, more permanent than
steel or wooden structures. By various simple adjust-

ments, a series of such spillways can be so arranged as

to prime themselves automatically at different levels and
thus secure any desired gradation in rate of discharge.
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FIELD WATER PURIFICATION PLANT.

WHEN the Ontario troops went into camp early

last summer at Niagara-on-the-Lake, Ont.,

many complaints were made regarding the town's

supply of water. The town of Niagara-on-the-

Lake has been desirous for several years of having a

mechanical filter plant, because the water which they

pump from the Niagara River is greatly polluted. As a

considerable amount of water is used each year, however,

Fig. I.—Side View of Sterilizing Outfit.

by the militia camp, the town believes that the govern-

ment should aid financially in the construction of the filter

plant, and, as arrangements along this line have never

been made satisfactorily to both parties, the town is still

using water which must be very heavily chlorinated.

To provide a better supply for the troops, a portable

ultra-violet ray sterilization plant was designed and in-

Fig. 2.—Front View of Sterilizing Outfit.

stalled by Capt. F. A. Dallyn, C.E., engineer for the

Provincial Board of Health of Ontario.*
The lay-out of this plant is unique, and patents have

been granted to Capt. Dallyn in regard to same, under

*The reader is referred to the article in The Canadian
Engineer for December i6th, iQij, relating to the Provincial

Board of Health investigations into ultra-violet ray sterilization

of water.

the title of "Power Army Water Supply Outfit," and the

apparatus seems to be quite adaptable for use at the front,

although it is not known to what extent, if any, it is so

being used.

The capacity of the plant is three thousand gallons

per hour, but at Niagara it was operated at twelve

hundred gallons per hour. The difference in elevation

between the plant and the river level was 19 feet, and the

pump overcome a total suction lift of 25 feet. The water

was pumped directly from the Niagara River, a short

distance above the town pumping station, the

town's supply not being used at all for drinking

purposes, although it was used by the soldiers

for washing, etc.

The water was first passed through a mechani-

cal filter (illustrated in Fig. 3) of the ordinary

reverse flow type with high velocity wash. The
water then passed through a special casting into

which there were inserted three quartz tubes. An
ultra-violet ray lamp was attached to each of these

tubes, and the violet ray emanations reached the

water tiirough the quartz, the casting being made
watertight around the quartz tubes by means of

rubber gaskets.

The quartz tubes are i % Inches in diameter,

4 inches long. One of them is shown, together

with its lamp, in Fig. 5. A closer view of the

part of the pasting in which one of the quartz

tubes is inserted, is shown in Fig. 4. A side view

of the outfit is shown in Fig. i. This photograph
was taken during a trial run at Exhibition Camp,
Toronto, before the equipment was shipped to

Niagara. The Duke of Connaught can be seen

bending over the operator's shoulder. Fig. 2 is

a front view of the sterilizing outfit. Three windows will

be noted in front of the casting, through which the

operator can watch the operation of tlie lamps, the open-

ings for the insertion of the quartz tubes being just below

the windows.

The sterilizing outfit consists of the special casting

and lamps previously mentioned, and of a generator,

engine and pump. The current for the lamps is supplied

by a 2'j-kw., 22o-v()lt, direct-current generator. The

Fig. ,1.—View of Portable Pre=Hlter.

pump is a 2i<-inch Albany water-sealed rotary pump,
with a capacity of three thousand gallons at 250 r.p.m.

The motor is belt-driven, the pump chain-driven, and both

motor and pump are driven by a 9-h.p. \ertical gas engine,

fitted with automatic pump lubrication, enabling it to run

between 200 and 250 hours without refilling the lubricating

oil chamber. The cylinder is water-cooled with connection

to the discharge of the pump and overflow to waste. The
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engine has a thiotlle governor, phosphor bronze bearings

and pump-fed carburettor. The governing of the engine

is such as to give practically constant speed at all loads

within its capacity.

The engine was supplied by R. A. Lister & Company,
Toronto, and was built at their works in England. The

generator was supplied by the

Canadian Westinghouse Com-
pany, Hamilton, and the pump
by the Albany Pump Company,
roronlo. The lamps, quartz

lubes and special casting were

furnished by the R. U. V. Com-
pany, New York City. The pre-

tilter was built by the Thor Iron

Works, Toronto, in accordance

with specifications furnished by

Capt. Dallyn.

The plant was purchased by

the government upon recommen-
dation of Lieut. -Col. Marlow, as-

sistant director of medical ser-

\ ice, and was operated under the

supervision of Capt. A. V. Dela-

porte, B.A.Sc, of the Canadian

Army Hydrological Corps, with the assistance of M. F.

Hasbrouck, of the R. U. V. Company.

An efficiency of from 99.75 per cent, to 100 per cent,

was obtained during operation, as the normal count in

the raw water was four thousand bacteria per c.c, and

THE BUSINHSS SIDH Ol- HNGINKHRING.

Fig. 4.—Closer View
of Portion of Special

Casting in which
the quart/, tube

is Inserted.

Fig. 5.—View of Ultra=violet Ray Lamp and

Quartz Tube.

this was reduced to counts ranging from ten to zero.

Colon bacilli were commonly present in o.oi c.c, but

after sterilization were normally absent in 50 c.c.

The Canadian Engineer is indebted for the above in-

formation and accompanying illustrations to Capt. Dallyn
and to Mr. \V. J. Ellis, of the R. A. Lister &• Company.

A TJnited States consular report notes the recent comple-
tion of the larpe tunnel on the Bagdaci railway piercing: the
Amanus mountains, on the border between Asia Minor and
Syria. It is known as the Baghtche tunnel, taking its name
from the station of Baghtche. at its northern entrance, about
75 miles east of the city of .^dana and some 60 miles north-
west of Aleppo. Tt has a length of 16.028 ft.

Preliminary organization has been effected of an organi-
7ation called the Cement Products .Association of Canada.
The temporary chairman is W. Dillane, of Kemplville, Ont.
The temporary secretary is W. A. Toohey, Herald Bldg.,

Montreal. The membership of the association will be com-
posed at first of concrete pipe manufacturers. Standard
specifications will be adopted, and all who wish to join the

association will be required to live up to these specifirations in

the manufacture of their pipe.

A weak point in the engineers' professional armor

was mentioned by Mr. A. E. A. Edwards recently in his

presidential address to the Birmingham Association of

Mechanical Engineers.

Three features of an engineer's training, he said, did

not usii:illy receive sufficient attention—the commercial

side of the business, the control of men, and the power of

speech. There were doubtless others, but there they had

three features which were essential to turn a sound tech-

nical man into a successful engineer, and there were num-
bers of men absolutely sound technically who would be at

or around the top of the tree if these three points had been

more fully developed in them, even at the expense of a

great deal of their technical work.

To put the matter in a nutshell, an engineer is usually

taught the profession instead of the business of engineer-

ing. In his opinion, if a firm undertook to teach an ap-

prentice engineering they should be expected to give him

some knowledge of the commercial side of the business,

for that was the side of first importance. Comparatively

few engineering apprentices rose to the eminence their

technical skill merited, because they had not the requisite

knowledge of how to manage men. The large and in-

creasing number of industrial disputes was undoubtedly

due to the want of tact in the management. If universities

were to institute a course on the management of men it

would be to the lasting benefit of the country. An en-

gineer had no training in the power of speech, yet the

power of the trained speaker was apparent everywhere.

The inability of clever technical men to write decent

English has frequently been commented upon. It must
be admitted, too, that the engineer, like the artist, is

sometimes a poor business man. We suppose the reason

is to be found in specialization. There is nothing in busi-

ness which the engineer could not manage perfectly well,

but he finds the theoretical and practical problems of en-

gineering too absorbing to admit of time being appro-

priated for the minutiae of commerce. Even the manu-
facturing side of engineering seems repugnant to some
engineers. It is in the exploitation of patents, however,
that we get the most striking illustration of the divergence

between technical skill and business adroitness.

The conclusion is borne in upon us that in these days
of specialization the engineer who interests himself to any
extent on the business side must pass on much of the

technical work to others. It seems to be well established

that a successful engineering concern must have able

specialists in both departments, and that this division of

work must inevitably be more pronounced as the business

expands.

In many small concerns both technical and com-
mercial duties may be performed by the same person, but

if the business grows a division on the usual lines is in-

evitable, and the head will have to ask himself whether
his primary object in life is to revel in engineering details

or to make money.

The Canadian Forestry .Association. Commission of Con-
sei-vation, Canadian Timbermen's .Association, and the Can-
adian .Society of Forest Engineers, all held annual meetings
in Ottawa, January 17th, i8th and loth.

Liquid chlorine has replaced hypochlorite of lime in the

disinfection of water supply in Minneaiiolis. A contract has
been let to Wallace iV Ticrnan, New York City, for the in-

stallation of three liquid-chlorine outfits with a capacity to

treat 60,000.ono gallons a day each. The contract price was
$2,000. The apparatus is of the solution-feed manual-control

type, described in T/ir Cavndinn Ftigittrer for .\ugust iqth,

igi5. page 276.



January 27, 1916. THE CANADIAN ENGINEER 191

uiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiriiiiMiiiiiiiiiriiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiriiiiiiiiiMiiiiiiiiiiiiiii'

Editorial
niiiiiiiiniiiMiiiiiiiiMiiiMniiiriiMiiiMiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii;

ONTARIO'S PROGRESS IN
ORGANIZATION.

HIGHWAY

The Ontario Government has created a Department

ol Highways in connection with the existing Department
of Pubhc Works. Hon. Finlay McDiarmid has assumed
\he title of Minister of Public Works and Highways. Mr.

W. A. McLean, C.E., M.Can.Soc.C.E., whose connection

with road improvement in the province is prominent and

ot long standing, has been appointed Deputy Minister

of Highways.
This is an appointment the announcement of which

will be read with pleasure by engineers and road men in

Canada and the United States, Mr. McLean being widely

recognized as an eminent road authority. The Ontario

Office of Public Roads has, under his direction, done a

great deal to assist in the problems of rural transportation

in Ontario. The work of the Public Roads and Highways
Commission in 1913-14, presented in its 1914 report,

evidenced the thoroughness with which the survey of

Ontario conditions was entered into. The investigations

and conclusions of the Commission were and are of great

importance to the Province. The Highway Improvement
Act of 1915, which went into force last week, and by

which the Government pays 40 per cent, instead of 30 per

cent, of the cost of construction of county roads by

counties meeting the requirements of the department, and

20 per cent, of the cost of maintenance, has been a further

step of great magnitude towards better highways in the

province. The second instruction conference on highway
work which will be held next month, being a series of

lectures on road construction, given by the engineers of

Mr. McLean's department for the benefit of county en-

gineers and superintendents, marks the continuation of

n inost useful procedure, established last year.

These and other indications of the progressive steps

towards cheaper transportation in the province are in-

dicative of the extensive policy and indispensable organiza-

tion which Mr. McLean has formulated. Undoubtedly
his service to the province will be considerably increased

b\ the added scope and powers which his new appoint-

ment as Deputy Minister confer upon him.

Co., with lead-zinc mines in Quebec, is using the Watts
process in its refinery at Welland, Ont. By this method
zinc is deposited from a zinc sulphate electrolyte, the

quantity of sulphuric acid being kept down by the use of

zinc oxide or some similar compound. At Trail, B.C.,

the Consolidated Mining and Smelting Company of

Canada is using an older process, in use at Anaconda,
Mont., and other plants, a process in which the electrolytic

liquor containing sulphuric acid is used for bleaching the

ore, just enough of the acid being used to form zinc sul-

phate for electrolysis, the idea being to keep the solution

low in other constituents of the ore. At present the Trail

plant is being greatly increased in capacity, to produce, it

is stated, between 35 and 50 tons of metallic zinc per day.

This indicates the success of the investigations carried on

at the experimental plant there in 1915, the output averag-

ing from 1,000 lbs. to 2,000 lbs. of spelter per day.

The zinc produced from the ores hitherto exported

from British Columbia for want of a plant to treat them

there has reached about 9,000,000 lbs. a year. Now the

production of the province itself will aggregate from

25,000,000 to 30,000,000 lbs. It is interesting to know
that development work done on the Sullivan mine by the

company has proved it to be one of the largest and most

valuable deposits of zinc ore on the continent. The com-
pany is driving a low-level tunnel two miles in length to

provide fgr the economical mining and shipment of the

ore from this mine, which will form the principal source

of supply for the new zinc refinery at Trail.

Turning now to the enormous production of nickel

in Ontario, last year's exports of which totalled nearly

$7,000,000, and concerning which there was much con-

troversy in the early stages of the war, it was recently

announced in Ottawa that the nickel matte, in which form

the metal has been exported for refining, may shortly, by

Government requirement, be refined in Canada. This

measure would "mean 'the establishment of a very important

industry in the Dominion, designed as it is to keep con-

trol of the export of a commodity that figures very

prominently at present in armament manufacture.

MEASUREMENT OF RAINFALL.
ZINC. COPPER AND NICKEL REFINING IN

CANADA.

Very worthy of note among the industrial activities,

the establishment of which in Canada is due in large

measure to the necessities of the war, is the rapid advance-
ment that is being made in the refining of metals. By
virtue of the unusual demand for zinc, copper and nickel

in the manufacture of munitions and armaments, at home
and in allied and neutral countries, the progress made
recently is most promising. Zinc, for instance, is now
being refined electrolytically in Canada by three new
plants, all using different processes. The Standard Silver

Le.id Mining Co., of Silverton, B.C., is producing elec-

trolytic zinc by a process originated by French, using

manganese in the electrolysis of zinc sulphate solutions,

the manganese being recoverable, as it is deposited as

manganese dioxide on the anode, and may be redissolved

in sulphuric acid for future use. The Weedon Mining

The importance of knowing exactly the quantity of

rainfall in hydrographic basins is evident. Besides the

great scientific interest from the point of view of solution

of numerous problems of terrestrial physics, there is the

urgent and practical need associated with all hydrologica!

subjects ; utilization of water power, correction of streams,

irrigation, agriculture, etc. In experiments described in

II Politecnico for June 30, 1915, a field rain gauge and a

totallizer pluviometer were utilized, the latter indicating

9 per cent, less than the other. The most serious difficulty

met with was to place the instruments in positions where

they could not be tampered with. This difficulty was
solved in a satisfactory way by putting them on the top

of large masonry pillars. The mouths of the instruments

measured i sq. dm., and the diameter of the cylindric part

of the receptacle vi'as 32 cm., the height 32 cm. Thus
the capacity was about 28 litres, sufficient generally for

a vear's rain. The observ-ations were made every month.
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BOOK REVIEWS
Elements of Mechanics of Materials. By C. E. Houghton,

B.A., M.E., Associate Professor of Mechanical
Engineering, New York University. Published by
the D. Van Nostrand Co., New York. Second
edition, 1915. 213 pages; 94 illustrations; cloth.

Price, $2.00 net. (Reviewed by Eric P. Muntz,
B.A.Sc, New W^elland Ship Canal.)

For the purpose for which this book is intended—an
elementary text book in conjunction with the usual en-

gineering courses in colleges and universities—it covers
the necessary ground in a clear-cut and concise manner,
which should appeal to the average college student and
to anyone endeavoring to master the elementary principles

of design.

In the opening chapter the different stresses are ex-
plained, together with the meaning of unit deformation,
coefficient of elasticity, elastic limit, resilience, etc., work-
ing stresses and factors of safety. This is followed by the
application of these terms and stresses to bars of uniform
strength, thin pipes, cylinders and thick pipes with a
discussion of riveted joints and stresses due to tem-
perature.

Chapter 3 deals with the "bar" of Chapters i and 2

in a horizontal position supporting loads perpendicular to

its axis; i.e., as a beam. The various bending moments
and shearing forces are explained as well as section
modulus, moment of inertia, etc., with their application

to standard sections. Shear and moment diagrams and
the effect of moving loads are explained.

Derivation of formuhe for tension is taken up in

Chapter 4. Twist, relative strength and horse-power of
shafts and shaft couplings arc covered.

The equation to the elastic curve is derived, also

formulre for thc^ deflection of Ijcams, and the effect of re-

straining or fixing the ends of beams. Long columns are
taken up with a review of Rankinc's, Ritter's, the para-
bolic and straight-line formulas.

Combined stresses are covered in Chapter 7, and

Chapter 8 takes up compound bars and beams, which is

followed by the final chapter touching on reinforced con-

crete. Beams of rectangular and T-beam section are

taken up. Their shearing and bond stresses are gone
into. VVcb reinforcement necessitated by diagonal stre^s

is also brought in, which revives the much-discussed

question of the utility of vertical stirrups as web reinforce-

ment. Their spacing, at all events, should be less than

the distance from the centre of gravity of the steel to the

neutral axis and not so great as J^ d. as allowed in the

book.

A very useful feature of the book is the large number
of problems presented at the close of each chapter, oc-

cupying altogether fifty pages.

Altitudes in Canada. By Messrs. James White, .Assistant

to Chairman and Deputy Head, Commission of

Conservation, Canada, and George H. Ferguson,
Assistant Engineer. Published by the Commission.

603 pages, 8 maps and profiles, 6x9 ins., cloth.

The first edition of this work was published in 1901

when Mr. White was Chief Geographer, Department of

the Interior. The present is the second edition, in which
the information has been brought up to date and consider-

ably enlarged upon. It is a very comprehensive compila-

tion of altitudes and will be found exceedingly useful as

the best possible interpretation of the conflicting evidence

available respecting the elevation of many points in the

Dominion. Its value as a work of reference in relation

to climate, health, railway location, atmospheric pres-

sures in machine design and construction, irrigation and
pipe-line construction, etc., is self-evident in addition to

the necessity of such information in geological and geo-

graphical problems.

Pocket Diary and Year Book, 1916. Published by Emmott
& Company, Limited, Manchester and London.
428 pages, 4x6 ins., illustrated, cloth. Price 25

cents.

The 29th annual publication of the "Mechanical
World" series, contains a collection of useful engineer-

ing notes, rules, tables and data. Many parts of the

volume have been re-written and much additional infor-

mation introduced.

Concrete Silos. By E. S. Hanson. Published by the

Cement Era Publishing Co., Chicago. First edi-

tion, 1915. 174 pages, illustrated, 5x7 ins.,

cloth. Price, $1.00.

This is a very complete little treatise on concrete silo

construction dealing first with the nature of the material,

its suitability, and with instructions as to how to build

according to the various systems in use. These systems

of construction are many, and those which have been

proven thoroughly reliable and practical are described in

detail.

The book has eighteen chapters and a catalogue sec-

tion. It is illustrated bv numerous iialf-tones and line

drawings.
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Water Supply for Country Houses. By Dr. W. P.

Gerhard, C.E. Published by Review of Reviews
Company, 191 4. 51 pages, illustrated, 6x9 ins.,

paper binding. Price, 40 cents.

The writer first deals with points to be borne in mind
for the search for an adequate and suitable supply of

water for domestic use. He treats of volume necessary,

pressure required, etc., and deals with the various sources

as rainfall, lakes, rivers, springs, etc. In Chapter 2 he
refers to appliances for distributing water, power for

machinery required, and lays out as an ideal system a

compressed air pumping station.

First Course in Engineering Science. By P. J. Haler,

B.Sc, and .•\. H. Stuart, B.Sc. Published by the

University Tutorial Press, Limited, New Oxford
Street, W. C, London, First edition, 1915. 191

pages, 159 illustrations, 5x7 ins., cloth. Price,

40 cents.

This book treats of the material laid down for certain

technical school requirements in England. It describes

experiments that may be performed on ordinary apparatus,

the great difficulty in many institutions being the lack of

suitable laboratory equipment for carrying out prescribed

work.

The book has two parts, the first dealing with stresses,

strains, moments, parallel forces, work, energy, power,
velocity, acceleration, etc. The second deals with fluid

pressures, heat, specific heat, conductivity, radiation, etc.

It also treats in general way of the simple steam engine
and boiler.

Examples in Magnetism. By Prof. F. E. Austin, B.S.,

E.E. Published by the author. First edition,

1915. go pages, 27 illustrations, 5x7 ins.,

flexible binding. Price, $1.10.

This book should be a favorable guide for students in

elementary electrical engineering. As the author states,

it is not a book of problems, but a carefully compiled
volume of information dealing with physical laws under-
lying various problems, with the systematic tabulation of

data relating thereto, with the process of solution and
finally, in every case, with a problem properly worked out.

The book does not enter Into the analytical derivation of

equations. These are taken for granted and the mathe-
matical processes involved in their application to problems
are dealt with.

Land and Marine Diesel Engines. By Giorgio Supino.
Translated by A. G. Bremner and James Richard-
son. Published by Charles Griffin & Co., London.

309 pages, 380 illustrations, 19 plates, 6 x g ins.,

cloth. Price, $3.50 net.

This is an acceptable translation of the work of an
Italian engineer of high repute. It deals with the de-

\elopment of the oil engine on the continent of Europe
where the practice is considerably in advance of that of

the United Kingdom and America. Part i involves six

chapters relating to Diesel engines of both stationary and
marine type; to fuels, thermodynamic cycles, efficiencies

and the calculation of cylinder dimensions. Part 2 deals
with engine design to which is devoted five chapters, and
in addition there are supplementary chapters upon engine
room accessories, fuel regulation, marine installations,

tests, etc.

While calculations in the original work were based
upon the metric system, the translators have added the
British units where thev tend to a readier understanding
of the text. Calculations themselves are left in the metric
system, and a nonvertion table is added.

The book has a very comprehensive index, list of

illustrations, tables, etc.

Water Power Engineering. By Daniel W. Mead, Pro-
fessor of hydraulic and sanitary engineering. Uni-
versity of Wisconsin, Consulting Engineer. Pub-
lished by McGraw-Hill Book Co., New York.
Second edition. S43 pages, 430 illustrations, 6 x

g%, cloth. Price, $5.00 net. (Reviewed by T. H.
Hogg, C.E., assistant hydraulic engineer, Hydro-
Electric Power Commission of Ontario.)

The first edition of this treatise appeared in 1908, and
in the past eight years has come to be recognized as a
standard authority on hydraulic engineering, the advances
in the art of which have been very great during this time.

The new edition is therefore amply justified.

Chapter i gives a concise resumd of the history of

water power engineering covering the improvement in

design of water-wheels, both reaction and impulse, to-

gether with a short discussion on conservation and its

effect on water power development.
Chapter 2 discusses the different losses in any plant,

unavoidable and otherwise, and gives a list of units used
in the analysis of conversion of energy.

Chapter 3, entitled "The Load," deals with load factor

and the load curve and their significance as related to the
efficiency and general design of waterpower plants. The
chapters on "Rainfall," "Run-off" and "Stream Flow"
of the first edition have been omitted, as not sufficiently

complete.

Chapters 4 and 5 deal with the flow of streams and
the measurement of stream flow. In these chapters are
discussed the various formula? for the losses in channels
and conduits, and the various conditions influencing the
flow of streams, together with a description of the
standard methods of measurement of stream flow.

Chapters 6, 7 and 8 fall into a group dealing with the

hydrograph in its relation to power plant design, the ef-

fects of pondage and storage, and the study of the power
of a stream as affected by head. The author's use of the

hydrograph is particularly to be commended. As he
states, the graphical method is of great service in attack-

ing many phases of the problem.
Chapters 9 to 13 deal with turbines, details and ap-

purtenances, hydraulics of the turbine, testing and analysis

and selection of turbines. This section, which is perhaps
the most valuable of the treatise, has been re-written and
a uniform nomenclature is used throughout. The treat-

ment of turbine analyses is most concise and discusses

the subject in the clearest possible way.

Chapters 14 to 18 take up speed regulation of turbine

water-wheels, the governor, arrangement of reaction

wheels, selection of machinery and design of plant ; also

examples of water power plants. The discussion of speed
regulation is good. It is to be regretted, however, that

more space is not given to the discussion of water, ham-
mer, or pressure change. Joukowsky's analysis is given,

but no mention is made of the more recent work of Allievi,

and of Warren. Joukowsky's formula gives results which
may be far from the truth when the time of the governor
is taken into account.

The surge tank is treated in rather a perfunctory man-
ner, the simple tank formulae only being given, while in-

accurate statements regarding the differential surge tank
are made. A number of these tanks are in commercial
operation, and the criticism that the sudden drop in the

riser is opposed to good speed regulation is proved to be
wrong. These tanks show remarkable results under
operating conditions, and it is therefore unfortunate that

the theory is not presented.
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Chapters 19 to 21 deal with the reialion of dam and

power station, the principles of their construction and

appendages of dams.

The cost of power plants and of power, the financial

and commercial aspects of power development, and the

analysis of water power projects are discussed in Chapters

22, 23 and 24. This section gives a much-needed warn-

ing against the financing of undesirable developments,

and forms a valuable commentary on the economics of

hydro-electric developments.

A criticism that may occur to the engineer after going

over this book carefully is that perhaps too little attention

has been given to recent modern developments using the

single runner vertical type unit with scroll case and con-

crete draft tube, and to the various appurtenances such

as trash racks and rock cleaning devices, flashboards,

etc., and too much attention has been devoted to the old

type multiple runner horizontal setting.

The treatment of the flow of water in pipes may ap-

pear to some to be inadequate. The economics of steel

pipe line follows present-day practice, but leaves much to

be desired. The method of balancing lost power through

friction and cost to secure the most economical develop-

ment might profitably be discussed with reference to such

hydraulic elements as the canal or feeder pipe, the forebay

and rocks and penstock.

While the value of the new edition might have been

enhanced by the elimination of the defects above specified,

it more than maintains the standing of the first edition as

probably the most useful hydraulic treatise extant in the

Enj^lish language.

The Elasticity and Resistance of the Materials of En-
gineering. By Prof. Wm. H. Burr. Published by
Messrs. John Wiley & Sons, New York ; Canadian

selling agents, Renouf Publishing Co., Montreal.

Seventh edition, revised, 1915. 927 pages, 173
text figures and 3 plates, size, 6x9 ins., cloth.

Price, $5.50. (Reviewed by David A. Molitor, C.E.,

Designing Engineer, Toronto Harbor Commission.)

This work, which appeared in its first edition in 1883,

is the most important and best known volume from the

pen of Prof. Burr, for which reason no very lengthy review

is considered necessary.

The book consists of two main parts and three ap-

pendices.

Part I., analytical, contains six chapters with the

following chapter headings: i. Elementary theory of

elasticity in amorphous solid bodies; 2, Flexure; 3,

Torsion; 4, Hollow cylinders and spheres; 5, Resilience;

6, Combined stress conditions.

Part n., technical, contains twelve additional chapters

as follows : 7, Tension ; 8, Compression
; 9, Riveted

joints and pin connections; 10, Long columns; 11, Shear-

ing and Torsion; 12, Bending or Flexure; 13, Concrete
steel members; 14, Rolled and cast-flanged beams; 15,

Plate girders; 16, Miscellaneous subjects, curved beams,
springs, flat plates, rollers, etc. ; 17, The fatigue of

metals; 18, The flow of solids.

Appendix I. treats of "Elements of Theory of Elas-

ticity in Amorphous Solid Bodies" in three chapters, as

follows: I, General Equations; 2, Thick, Hollow
Cylinders and Spheres, and Torsion ; 3, Theory of Flexure.

Appendix H. devotes three pages to "Clavarino's
Formula for Thick Cylinders."

Appendix HI. gives four pages on "Resisting Capacity
of Natural and Artificial Ice."

The present edition has received a very general re-

vision with the aim of supplying new material to meet the
advancing requirements of the profession. The empirical

data has been materially enhanced, by the inclusion of

results from more recent experiinental investigations.

The limitations set by a single volume preclude the possi-

bility of exhausting this wide field of research which has

received so much attention during the past decade.

The book might have been improved in its general ar-

rangement by eliminating some of the approximate de-

rivations which consume considerable space. These
might have been given as approximations following the

more exact detnonstrations. Thus, arts. 24 to 33, cover-

ing 58 pages, deal with the theorem of three moments and
beams involving redundancy, which problems can be more
comprehensively solved by the use of the one general

work equation which affords solutions to all redundancy
problems with any degree of accuracy or approximation
desired.

Other instances of this kind are noticeable, and space
being a consideration in such a voluminous v/ork, greater

economy in this direction might have been practised with-

out detriment to the book.

The author's treatment of reinforced concrete beams
is commendable in this respect. The T-beam, being the

more general case, is treated first, and the formulae for

plain rectangular beams are obtained by appropriate
simplifications.

It is regrettable, however, that the high unit working
stresses proposed in "the report of the Committee on Con-
crete and Reinforced Concrete" of the American Society

of Testing Materials should find such a warm reception

in the present treatise. If it is prudent to employ a factor

of safety of about four for a material like steel, it is

obviously unwise to allow a safety of only three for con-
crete on the basis of 28-day tests.

The calculus is freely employed, but this cannot be
regarded as objectionable when dealing with intricate

matters. The nomenclature is not generally uniform
with American practice, so that a tabulated summary
would have been a very useful addition.

On the whole, this volume contains much valuable in-

formation both for use as a text and reference book. In

style, it corresponds to the uniform excellence of the Wiley
publications.

Rivington's Notes on Building Construction. Edited by
W. N. Twelvetrees, M.I.Mech.E. Published by
Longmans, Green & Co., London. Part I., 306
pages; 484 illustrations. Part II., 332 pages; 395
illustrations; 6x9 ins. ; cloth. Price, $2.25 each.

When to the title of this work we add the words "as
practiced in England," and give a list of twenty-one
names of contributing authors (including the names of

some of the best-known architects and engineers in Eng-
land), and mention at the same time that the present

edition is the last revision of a book that has been a

standard text for forty years, its character is well

displayed.

It is intended as an authoritative text and hand book
for students and architects, and certainly the compre-
hensive character of its subject matter, the concise yet

clear treatment that prevails, and the prestige of the

authors would indicate that its object is fulfilled.

Unfortunately, there exists so marked a difference in

building methods and devices in England and on this con-

tinent that the Canadian reader will find the work of

secondary value only- The architect or engineer fully

conversant with American practice can use it with profit

as a fertile source of suggestion, but not so the student

if he hopes to put his rending into practice.

Unlike many books on building, Rivington's Notes
does not indulge in pages of futile description in cases
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where one clear drawing will sutlice. In consequence, it

is a very easy book of reference, and most valuable where

working drawings can be used. Each term peculiar to

any branch of building is usually defined at the first of

the chapter dealing with that branch, and the text then

proceeds with description and illustration of the best

methods in vogue. Very little information is included

concerning the properties of building materials, and some

of what is given is not true of the materials on this

market. Where so many writers have had a finger in the

pie one would expect to find repetition and contradiction,

and that this is so in a very minor degree speaks well for

the book and its editor. On the whole, it is a very ex-

cellent work, containing such a fund of building fact that

it can not fail to be of value to any one occupied with

building.

PUBLICATIONS RECEIVED.

American Society for Testing Materials.—Proceed-

ings of i8th annual meeting.

Upper White District, Yukon.—By D. D. Cairnes.

Report to the Department of Mines, Canada.

Department of Naval Service.—Report of the Deputy
Minister for fiscal year ending March 31st, 1915.

Arisaig'Antigonish District, Nova Scotia.—By M. Y.

Williams. Report to the Department of Mines, Canada.

Department of Public Works, Canada.—Report of

the Minister for the fiscal year ending March 31st, 1915.

U.S. Bureau of Mines.—Fifth annual report of the

director to the Secretary of the Interior of the United

States.

The Oil and Gas Fields of Ontario and Quebec.—By
Wyatt Malcolm. Report to the Department of Mines,

Canada.

Department of Marine and Fisheries of Canada.—
Forty-eighth annual report, covering the fiscal year

1914-15.

Canadian Production of Coal and Coke.—Annual re-

port for the year 1914, as prepared by Mines Branch, De-

partment of Mines, Canada.
Canada and the British West Indies.—By Watson

Griffin. Published by authority of Sir George E. Foster,

Minister of Trade and Commerce.
Relining Old Brick and Ashlar Sewers.—Bulletin on

use of the cement-gun in this work. Published by the

Cement-Gun Co., Inc., New York City.

Trenching Machinery.-—U.S. Department of Agri-

culture, Bulletin No. 98, concerning trenching machinery
used for the construction of trenches for tile drains.

Asphalt Primer and Colloidal Catechism.—A 20-page
publication of the Barber Asphalt Paving Company, Phila-

delphia, explaining the principles of colloidal chemistry

as applied to the paving industry.

Duty of Water Experiments.—Bulletin No. 4 of the

Irrigation Branch, Department of the Interior, Canada,
relating to experiments conducted at various points in the

Canadian West. 62 pages, 6x9 inches, illustrated.

British Columbia Hydrographic Survey.—Water Re-
sources Paper No. 14, Water Power Branch, Department
of the Interior, Canada. Report for 1914, prepared by
R. G. Swan, Chief Engineer; 534 pages, illustrated.

CATALOGUES RECEIVED.

Wells Light for Contractors, Etc.—Catalogue regard-

ing portable night light burning kerosene oil. Published

by the Alexander Milburn Co., Baltimore, Md.
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Calgary, Alta.—The Ogden bridge has reached such

a stage of construction that street railway traffic is now

passing o\er it.

Mimico, Ont.—The construction of the joint sewer-

age system of New Toronto and Mimico is proceeding

with few interruptions owing to severe weather.

Winnipeg, Man.—The Arlington Street bridge has

been practically completed and arrangements are being

made for the routing of street car traffic over it.

Hamilton, Ont.—H. M. Marsh, Industrial Commis-

sioner, in his annual report, stated that during the past

year eight new industries had located in Hamilton.

Edmonton, Alta.—The total mileage of water mains

in Edmonton at the present time is 162.23, with the

number of services 10,495, O'^ s" average of 64.6 to

the mile.

Munro Township, Ont.—An important platinum find

is reported in Munro Township, ten miles east of Mathe-

son. Northern Ontario. It is stated that assays, of which

five were made, run from $180 to $1,800 a ton.

Montreal, Que.—An announcement has been made
that the Canadian Car and Foundry Company has obtained

a loan of $1,500,000 from the Russian government, and

it is understood that more funds will be available from the

same source as needed.

Winnipeg, Man.—The Greater Winnipeg Water

District Commission states that there will be no delay,

owing to the financial condition, in the completion of

the Shoal Lake aqueduct. Arrangements have all been

made regarding money matters.

North Vancouver, B.C.—According to the annual re-

port of Mr. A. B. Clucas, acting city engineer, during

1914 there were constructed in the municipality 1.5 miles

of sidewalk, 1.7 miles of road graded, 3.9 miles of roads

cleared, .17 mile of water mains laid, three hydrants and

28 gate valves installed.

Vancouver, B.C.— .'\ decision favoring Mclllwee and

Sons in their suit for a quarter million dollars damages

against Foley, Welch and Stewart over boring the

C.P.R. tunnel at Roger's Pass has been handed down

by the Privy Council, which dismissed with costs the

appeal of Foley, Welch and Stewart from a judgment of

the British Columbia Court of Appeals, awarding Mc-

lllwee and Sons the full amount of their claim. The

plaintiffs claimed damages for a cancelled contract.

Toronto, Ont.— It is reported that legislation will

be introduced at the coming session of the Legislature

to provide for about $300,000 more for the Toronto-

Hamilton highway. This road will cost when completed

about $850,000 or $900,000, whereas the money provided

under the original estimate by debentures was only

$600,000. The increase in cost has been partly occa-

sioned by the decision of the commission to increase the

width of the road from 16 feet to 18 feet. This caused

an additional cost of one-eighth, or $75,000. Other

items in increasing the cost were : The extra cost of

carr)ing on operations in the cold weather ; the effort

to supply employment, $50,000 ; old concrete culverts

which were undermined and had to be replaced, $100,-

000; washouts occasioned by a great midsummer rain-

storm, $50,000.
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PERSONAL.

C. D. CAMPBELL, city engineer of Call, Ontario,

lias resigned.

.). S. LAING, B.A.Sc, formerly assistant engineer

has been appointed town engineer ofof Gait, Ont.

Rarrie, Ont.

Capt. Paul I-. Sise

H. L. \'ERCOE has been appointed special engineer

of the Canadian Northern Railway for lines west of Port

Arthur, Ont.

J. C. BRECKON, formerly waterworks engineer for

the rity of Vancouver, B.C., is now associated with the

engineering firm of Du Cane, Dutcher &: Co., Vancouver.

N'. W. EJifMEXS has severed his connection with

the Great Western Mines Development Co., Limited, and

has opened an office in the Credit Foncier building, Van-
couver, B.C., as consulting mining engineer.

Captain PAUL F. SISE, B.Sc, has been appointed

adjutant of the 148th Bat-

talion, Montreal, and has

\oluniecrod for overseas

service. Captain Sise is

vice-president and general

manager of the Northern

Electric Company. He was

born November loth, 1879,

and was educated at

Bishops College School,

Lennoxville, Que., and at

McGill University. He was

one of the organizers of

of the University Club,

Montreal.

Lieut. W. H. MUNRO, manager of the Peter-

borough Radial Railway, has been promoted to a cap-

laincv. He is in the mechanical transport branch of the

Canadian Army Service Corps and went to England last

July.

^LA.NFRED FREEMAX, who has been elected public

utilities commissioner for Lethbridge, Alta., to succeed

Mr. Reid, has been connected with the Lethbridge Water-

works and Electric Light Company as chief engmeer,

manager and secretary.

W. N. JOHXSTOX, B.Sc, has received the appoint-

ment of costs engineer on a new piece of construction for

the Canadian Copper Co. at Copper Cliff, Ont. For the

past two years Mr. Johnston has filled the position of

resident engineer on sewer construction for the city of

Toronto.

W. A. McLEAN, C.E., M.Can.Soc.C.E., has been

appointed Deputy Minister of Highways for the Province

of Ontario. The appointment is the result of the estab-

lishment of a new Department of Highways by the Gov-

ernment. Mr. McLean has been connected with the De-

partment of Public Works since 1896, prior to which he

was for three vears engaged in municipal engineering at

St. Thomas, Ont. His appointment to the position of

Provincial Engineer of Highways, several years ago, was

a very popular and well earned promotion. He has since

acted as secretary of the Ontario Public Roads and High-

ways Commission. Last year he was president of the

Canadian International Good Roads Convention, and in

1914 acted in a similar capacity for the .'Vmerican Road

Builders' Association. He is a member of the Canadian

Society of Civil Engineers, and is chairman of its stand-

ing committee on roads and pavements. He is a member

also of the Association of Ontario Land Surveyors.

It 1 T II A K Y ,

The death has been announced of Mr. Gritlith D.

Walters, who died in Calgary, Alberta, January 14, 1916,

after a brief illness following an operation for apjiendicitis.

Mr. Walters was born in Wales in 1884. He received

the degree of B.S. in civil and irrigation engineering in

the Colorado .Vgricultural College in 191 1 and during the

following year was assistant in irrigation investigations

there under V. M. Cone. In 1913 he was engaged to take

charge of the duty of water investigations for the Cana-

dian Government under F. H. Peters, M..A.m.Soc.C.E.,

M.Can.Soc.C.E., Commissioner of Irrigation, and was at

the time of his death chief agricultural engineer. Irriga-

tion Branch, Department of the Interior.

OTTAWA BRANCH, CANADIAN SOCIETY OF
CIVIL ENGINEERS.

On January 2isl, Mr. G. R. G. Conway, M.Can.Soc.

C. E., consulting engineer, Toronto, addressed the mem-
bers of the Ottawa Branch of the Canadian Society of

Civil Engineers. Mr. Conway chose as his subject "The
Engineer and Standards of Beauty," in which he urged

a freer co-operation between engineers and architects in

the design of engineering structures, particularly in great

public works such as bridges, railway terminals, dams,

aqueducts, power houses, public highways, etc. The
paper was fully illustrated with lantern slides giving ex-

amples of engineering structures where this co-operation

had been attempted, and in some cases successfully

carried out.

The branch has recently made arrangements with the

officers of No. 3 Field Company, Canadian Engineers,

for members of the branch to attend the lectures and drills.

Three classes of participation in the military work have

been arranged for: (i) drill and lectures with a view to

taking examination for officer's certificate
; (2) drill and

lectures, but no examinations ; (3) lectures only. Mem-
bers in classes i and 2 will be attached as civilians to No.

3 Company.
The first lecture, January 28th, will relate to the

'Royal Engineer and Signal Unit w'ith an Army in the

Field." Lectures will follow weekly.

Examinations will be held in April on the following

subjects : Infantry training, military engineering, interior

economy, organization and equipment, military map read-

ing and sketching.

A special committee on military engineering has been

appointed by the managing committee of the branch, con-

sisting of the following: W. S. Lawson, chairman; R.

de B. Corrlveau, G. G. Gale, .\lex. Gray, J. B. Challies.

COMING MEETINGS.

CANADIAN RAILWAY CLUB.—Fourteenth annual

dinner to be held at 8 p.m. January 29th, 1916, in the

Green Room of the Windsor Hotel, Montreal. Tickets

may be obtained from Jas. Powell, secretary, P.O. Box 7,

St.'Lambert, P.Q.

AMERICAN ELECTRIC RAILWAY ASSOCIA-
TION.—To be held in Chicago, 111., February 4th, 1916.

Joint dinner that evening with American Electric Railway

Manufacturers' Association.

NINTH CHICAGO CEMENT SHOW.—At Chicago,

111., February 12th to 19th. R. F. Hall secretary, 208

South La Salle Street, Chicago, 111.
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CANADIAN SOCIETY OF CIVIL ENGINEERS
THIRTIETH ANNUAL MEETING AT MONTREAL LAST WEEK GENERALLY
DEEMED TO BE THE MOST INTERESTING AND INSTRUCTIVE THAT THE
SOCIETY HAS HELD FOR SEVERAL YEARS—IMPORTANT MATTERS DEBATED.

RECOMMENDATIONS for a cliange in the name
of the Society, an appointment of a committee

to revise the by-laws, the defeat of the Western
amendments to by-laws, and means of meeting

financial difficulties, were the chief items of discussion

at the thirtieth annual meeting of the Canadian Society

of Civil Engineers, held last week at Montreal.

The meeting was called to order at 10.35 a.m.,

January 25th, with President F. C. Gamble, of Victoria,

B.C., in the chair. Prof. C. H. McLeod, secretary of

the Society, read the minutes of the last annual meeting.

The first business brought before the members was

a resolution expressing great appreciation of the knight-

ing of Sir John Kennedy, Sir Collingwood Schreiber and

Sir ."Alexander Bertram. It was felt that Hi.s Majesty

had honored not only those three members of the Society,

but also, through them, the entire engineering profession

in Canada. Sir John Kennedy was present and rousing

cheers were given for him, to which he very modestly

replied that the honor accorded to him was not at all

personal, but was meant for every engineer in

Canada.
.\ telegram of thanks for the contributions

to the Engineers' Hospital Fund, signed by
General Charles J. Armstrong, chief engineer

of the Canadian Army Corps, was read by the

secretary. The meeting framed a reply, wishing

a speedy and victorious return of all Canadian
engineers now at the front. This reply was
cabled to General Armstrong.
The president appointed the auditors of the

Society, Messrs. Riddell, Stead, Graham and
Hutchison, as scrutineers to examine the ballots

for officers and for amendments to by-laws. In

previous years members of the Society had been
appointed scrutineers, and G. A. Mountain
questioned the legality of the departure from
precedent. .\n examination of the by-laws
showed that the appointment was quite in order.

W'illiam McNab wanted to know why the

Dominion Government has not accepted the
-Society's steel bridge specification as standard.
The discussion that followed showed that

the chief engineer of the Department of

Railways and Canals now has the matter under con-
sideration.

The report of the council of the .Society was received

and adopted, as was also the report of the librarv and
house committee.

The treasurer's report brought on a discussion of

the finances of the Societv which occupied the remainder

of the session. The finance committee made a special

report, showing that the income of the Society for 1916
would be considerably less than for 1915 unless many
new members should join the Society, and that rigid

economy in all matters would have to be the rule. This

report, showing exhaustive study of the subject by the

finance committee, was appreciated by the members,
and they decided to co-operate with the council in every

possible way in reducing expenditures consistent with

proper service to the membership. For one thing, it

was decided to forego printing the list of members this

year, and to issue instead a booklet giving the changes

in address, additions to membership, etc.

W'alter J. Francis, chairman of the papers com-
mittee, gave out the following statement, showing
that the Society is spending less per member on
printing than is anv of the other leading engineering

societies on this continent, and also that the cost of

its printing per page of Transactions is far below
that obtained bv the other societies :

—

Table I.

—

Comp.arative Statement of Printing Expenditures.

Nare of Society
No. of
Mem-
bers

Cost of
Printing

Printing

Expense
per

Member

No. of
Pages of
Trans-
actions

Cost per
page of
Trans-
actions

Total Cost

Ex-
pense
per
Mem-
ber

American Society
o( Civil Engin-
eers

American Society
of Mining: En-
gineers

American Insti-

tute of Electric-

al Engineers.
American Society

of Mechanical
Engineers ....

Canadian Society
of Civil En-
gineers

7,900



iqS THE CANADIAN ENGINEER Volume 30.

ontriisli'd lo 'I'hc Canadian Engineer upon a basis most
favor;ible to (lie S<icicty. The comparisons in Table I.

are summarized more clearly in Table II.

Tablf. II.

No. c{
Members

Canadian Society
Civil Engineers

'Other Societies. .

3,060

6,900

Cost of
Printing

S ^ E

m s

No. of
Pages of
Transac-
tions

$ 5,970

49,480

$1.95

7.32

659

1,858

Cost per
Page of
Transac-

tions



February 3, 191 6. THE CANADIAN ENGINEER 199

which would be satisfactory to all for presentation the

following' day.

As the hour was late, the reports of branches were
received but not read nor discussed. Abstracts from
these reports appear on page 204 of this issue of The
Canadian Engineer.

The report of the Portland cement specifications

committee was received, and the specifications they re-

commended were adopted as the official specifications

of the Society, and were ordered to be printed and dis-

tributed to members. The ref>ort of this committee

appeared on page 158 of the January 20th issue of The
Canadian Engineer.

The meeting then adjourned till 3 p.m. of the fol-

lowing day-, W^ednesday, January 26th, as Wednesday
morning was to be devoted to an inspection trip.

Tuesday evening a smoker was enjoyed at the

Society's building, 176 Mansfield Street, where all the

business sessions also were held. Several professional

entertainers amused the members, and a very pleasant

evening was passed. The following morning special

cars conveyed the members to the plant of the Canadian
Vickers, Limited, where all departments were inspected

with great interest.

At the Wednesday afternoon business session E. W.
Oliver introduced the joint motion previously mentioned,

calling upon council to appoint a committee to decide

upon a policy for increasing the prestige of the Society,

and for studying the organization and by-laws, and to

advise concerning any necessary changes in same ; the

committee to report to council by September ist, 1916,

and their report to be printed and distributed to all

members within thirty days. This was carried with an
amendment to the effect that the members of the com-
mittee should not be appointed by council, but should

be directly elected by the membership, each district

electing its own representative. One member is to be
elected from each district excepting No. i , which is to

have two members. The branches are to nominate the

members, and a ballot is then to be sent out to the

members in each district for the election of one of those

so nominated.

A letter from J. G. Legrand, of Winnipeg, was read,

urging all to do their duty to the Flag at this time.

In a discussion of the above motion, Walter J.

Francis thought that insinuations were made that in-

terest in the Society is decreasing. He said that he
remembered the time when it had been difficult to get
a chairman at the meetings in Montreal. Now there

were five or six councillors at every meeting, all willing

to preside. He remembered times when only 15 or 20
McGill students and a handful of "old war horses" were
the only ones who attended the meetings. Now the

assembly room was crowded at meetings, and at times
every possible thing that could be sat upon was utilized.

Formerly it was often impossible to obtain a quorum
at council meetings. During the past year the average
attendance at council meetings was much more than a

quorum, and some councillors had missed only a few
meetings during the w-hole year. Phelps Johnson had
missed scarcely one for years. Did that show decreasing
interest in Society affairs?

Mr. Francis had just warmed up to his subject and
was "going strong" when members interrupted him and
assured him that he had misunderstood certain remarks,
and that nobody intimated any lack of interest on the
part of the council or the members, so Mr. Francis
accepted that statement and did not finish his remarks.

The report of the Committee on Conservation was
read by James White. This report was summarized on
page 158 of the January 20th issue of The Canadian
Engineer. Mr. White stated that the figure of $45,-
000,000 for fire losses per annum in Canada was a

clerical error made in his oHice, and that it should have
been $35,000,000, consisting of $10,000,000 forest fires

and $25,000,000 other fires.

Conservation means national efficiency, said Mr.
White, and perhaps the Commission of Conservation
should have been called the Commission of National
Efficiency. Mr. White stated that there were 197 dele-

gates from all parts of Canada at the Civic League
meeting at Ottawa on January 20th. He stated that

within the next month a report on the water-powers of
British Columbia would be printed by the Conservation
Commission, and he added the following paragraphs to

the committee report as originally presented :

—

"Substantial progress has been made by the various
organizations of the Dominion and Provincial Govern-
ments in investigating the water resources of the Do-
minion. The only province that is not now provided with
some form of water resources investigation is New
Brunswick, but negotiations, now under way, will pro-
bably lead to some satisfactory arrangement in the near
future. Manitoba, Saskatchewan, Alberta and British

Columbia have permanent systematic hydrographic or-

ganizations under the direction of the Minister of the

Interior. Ontario is gradually being covered by the
hydraulic division of the Ontario Hydro-Electric Power
Commission. Quebec is being looked after by the Quebec
Streams Commission and the chief engineer of Hydraulic
Forces. In Nova Scotia there is a co-operative agree-
ment between the Dominion Water Power Branch of the
Department of the Interior and the Nova Scotia Water
Power Commission.

The field investigations of these organizations are
being published in a very satisfactory form, although
there has been some delay in publishing the data
promptly, following the completion of the calendar or
water year, as the case may be. The chief engineers
of the above organizations have had several informal
conferences with a view to co-ordinating, systematizing
and standardizing their work, and also to facilitate the

publication of the data in a uniform way and promptly.
The net result of these informal discussions will be that,

in the near future, Canada will be completely covered by
efficient and effective organizations charged with the
responsibility for investigating, in the most complete and
comprehensive manner consistent with the dictates of

economy, the water resources of the Dominion."

At this juncture Prof. Haultain took objection to

Mr. White's report and strongly opposed its adoption
by the .Society. Prof. Haultain contended that it is still

very doubtful whether phosphates have been found in

commercial quantities in Rocky Mountains Park ; he
wanted further information regarding the appointment
of a chief inspector of mines, and made certain charges
in connection with same ; he w-ished to know what part

the Society was asked to take in the affairs of the Civic

Improvement League, and why their work should be
endorsed ; he objected to references to individuals as
"the greatest experts in the world," etc.

Mr. White replied in very caustic manner, defending
all the statements made in his report. Nevertheless, the

meeting decided to receive the. report but not to "adopt"
it, and this was subsequently made the uniform practice

in regard to all committee reports.
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The Kloctin- Tfchnical Committee's report was re-

ceived and the coniinittee continued.

The Committee on Steel Bridge Specifications made

no definite report, but asked to be continued. P. B.

Motley, the cliairman, wished to have the committee

made up of Montreal men only, to facilitate getting them

together for <liscussions, but this was over-ruled. In this

connection attention was called to the commendable in-

auguration during the past year of sub-committees of

the Toronto branch, to report to the main committees

of the Society and to assist them. The idea of such

branch committees was approved of as being likely to

give valuable ideas to the main committees.

G. A. Mountain called attention to the advisability

of retaining representation of all interests on this com-

mittee, so that ultimately its specifications would be

adopted by all, resulting in one standard set of steel

bridge specifications for the entire Dominion.

The president, F. C. Gamble, then read his address,

a brief abstract of which is given on page 205 of this

issue. He prefaced his paper with the following

remarks :

—

'The past year has been one of stress and anxiety.

The British Empire has been engaged for eighteen

months in the greatest struggle in the history of the

world with a nation which for over forty years has been

unsparing in preparation for imposing upon the world

by force its system of civilization and "Kultur. " Not-

withstanding the serious handicap of unpreparedness

under which the Empire entered upon this war, the

British .'\rmy, under the unsurpassed guardianship of the

Grand Fleet, and supported by contingents from the

Overseas Dominions, has withstood the violent attacks

of the enemy in Flanders and France with courage and

valor.

"It is not too optimistic to say that the ultimate

end shall be the triumph of British principles of liberty

and justice. To assist loyally in the task thus imposed

upon the Empire about three hundred and sixty-three

members of our Society (twelve per cent, of the total

membership) have given their services freely, of which

number thirteen have so far made the supreme sacrifice.

We honor those who have died that the Empire may
live, and extend to their relatives an expression of our

admiration and deepest sympathy. While the memory
of their deeds will remain in our hearts as long as we
live, it is but fit and proper to commemorate by a tan-

gible token their noble patriotism and unselfish surrender

of their lives.

"In one way the Society has already marked its

appreciation of this by remitting the annual dues of

members actively engaged at the front. This should

meet with the unanimous approval of members.

"In the report for the year 191 5 the membership of

ali grades was 3,058. .A.t the commencement of this year

(January, 1916), taking into account deaths, resignations

and removal from roll for non-payment of dues, the mem-
bership is about the same.

. "We have to mourn the loss by death during the

past year of sixteen members, including juniors and

students. Of these, thirteen were killed in action, to

which a previous reference has been inade. Of the

others, special mention should be made of the late Mr.

T. C. Keefer, C.M.G., first and tenth president of the

Society, and afterwards honorary member, and of Sir

Sandford Fleming, who became a member in 1896, and

was made an honorary member in igo8. These gentle-

men conferred a marked distinction upon the Society,

having acquirefl by probity, eminent ability and u.seful-

ncss, world-wide reputations. Their careers must be an

inspiration to the younger generation.

"There are many Civil Engineers living in the Do-
minion of marked ability who still hold aloof from us.

riiese can only be induced to join by raising the Society

to its proper plane of usefulness and increasing its

sphere of influence. Solicitation to join us must be

avoided as an undignified and weak expedient. It is

quality, not quantity, that is desirable. .\ most essential

factor in bringing about the increase in our membership,

attracting to us the most accomplished Civil Engineers,

is the firm and courageous carrying out of "The Code
of Ethics" adopted by the Society.

"The profession of Civil Engineering, owing to its

somewhat uncertain position, having no legal standing,

differs from other professions which enjoy the law's pro-

tection, and, therefore, there is the more necessity for

members to practise the virtue of loyalty to each other

and to the profession. If each member realizes his

responsibility in this respect public esteem and confi-

dence will increase.

"The Council during the past year has been active

in bringing to the attention of governing bodies—Fed-

eral, Provincial and Municipal—matters of importance

and intense interest to the profession of Civil Engineers

practising within the bounds of the Empire. Although

no direct beneficial results have been achieved so far, we
have no reason to be discouraged. In the coming year,

if the past representations are firmly and fearlessly per-

sisted in, some measure of success will without doubt

attend our efforts. \\'e are not demanding anything

unreasonable or beyond our rights as citizens. We
should resent firmly any adverse inference to be drawn
from the continued indifferent treatment meted out to

the profession by public bodies in Canada. The ameliora-

tion of the disabilities under which we labor at present

is one of our just demands.

"The Society, through the Council, might well

direct its energies towards securing the adoption by gov-

ernments, for Civil Engineers in the public service, of

a standard of qualifications not short of tJiat required

by the Society for Associate Members. The Institution

of Civil Engineers took this question up with the Im-

perial Government, meeting with a sympathetic response,

and this Society should not hesitate to move in the same

direction. It is unfortunately a fact that many positions

requiring proper engineering qualifications have been

filled by men who have never had either engineering

education or experience.

"It would be well also to follow the example of the

Institution in another direction. .A Civil Engineers Ap-

pointment Board, while in no sense to be part of or

associated ofticially with the Society, might be established

with the full sympathy of the Council. The Board estab-

lished in London on these lines has proved useful to

engineering employees and younger members of the

profession.

"The speaker is of the opinion that this Society,

through the Council, should make strong recommenda-

tions to the Government of Canada with regard to such

of our members who arc eminently fitted by age, attain-

ments and experience for commissions in the Corps of

Canadian Engineers. There are many whose professional

knowledge is more or less wasted in infantry battalions

as officers and privates at the present time. In England

the Imperial Government has consulted with the Insti-

lulion of Civil Engineers with regard to members
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eligible for commissions in the Royal Engineers, and
the recommendations of the Institution have been suc-

cessful. Why should not this Society and the Govern-

ment of Canada work together in the same most desir-

able manner?"
After hearing the president's address the meeting

adjourned imtil 10 a.m., Thursday, January 27th.

In the evening a dinner was given at the Engineers'

Club, the visiting members being the guests of the

Montreal members. Informal speeches reflected the

brotherly feeling underlying the relations between all

members regardless of occasional differences of opinion.

On Thursday morning the members received and

adopted the following report from the scrutineers :

—

.Amendments to By-Laws Proposed by Council.

Aye. Nay. Not voting
By-law 7 3g5 52 15
" " 18 386 57 19
" " 27 321 116 25
" " 2g 386 44 3^
" " 30 334 98 30
" " 36 361 60 41
" " 50 125 17 320
" " 56 326 87 49

.Amendments to Bv-L.\ws Proposed by Ten British
Coi.uMBi.A. Members.

.A.ye. Nay. Not voting.

By-law 7 42 371 49
" " 8 117 22g 116
" " 9 iig 242 loi
" " ID I ig 242 loi
" " 16 145 218 gg
" " 27 97 298 67
" " 30 loi 301 60
" "33 'Oi 264 97
" " 56 96 285 81

There were 462 ballots cast altogether. From the

above it will be seen that all of the Western amendments
were decisively defeated and all of the Coimcil's amend-
ments were carried excepting that to By-law 50, which
result was due to the line ".Aye and Nay" under that

amendment being accidentally left off the printed ballot.

The election for officers resulted as follows : Vice-

president, Thos. H. White, \'ancouver. Councillors

—

Walter J. Francis, Montreal ; H. K. Safford, Montreal

;

H. Donkin, Halifax; .\. E. Doucet, Quebec; E. D.

Lafleur, Ottawa; J. R. W. .Ambrose, Toronto; D. A.

Ross, Winnipeg; D. O. Lewis, Vancouver. George Her-
rick Duggan, Montreal, was elected as president by

acclamation.

After the scrutineers' report the newly-elected presi-

dent took the chair amid applause, and expressed his

appreciation of the honor bestowed upon him.

Election of Nominating Committee for igi6 was
then held, resulting as follows: E. Brown, G. G. Mur-
doch, .A. Tremblay, G. .A. Mountain, .A. F. Macallum,

J. Chalmers, E. A. Cleveland.

Continuing the reception of committee reports,

Andrew F. Macallum was asked to present the report

of the Roads and Pavements Committee, abstracts of

which were given on page 159 of the January 20th issue

of The Canadian Engineer and on page 185 of last

week's issue.

G. A. McCarthy, chairman of the Toronto branch,
called the attention of the members to the honor that

had been accorded to a member of the Toronto branch
m the election of Mr. Macallum to the presidency of the

American Society of Municipal Improvements for the

year iqif). The meeting recorded its gratification at

this honor paid to one of the Society's members.

F. H. Pitcher, chairman of the Committee on Cast-

iron W'ater Pipe, reported that there is nothing new of

sufficient importance to warrant any change in the cast-

iron pipe specifications in view of the best practice in

the manufacture and use of cast-iron pipe. The meeting

authorized the printing of a new edition of the present

sfKJcifications.

Walter J. Francis, chairman of the Committee on
Concrete and Reinforced Concrete, reported that volu-

minous discussion of the standard specifications for con-

crete and reinforced concrete had been received from the

special committee of the Toronto branch and had
been placed in the hands of the members of the main
committee.

Henry Holgate, chairman of the Committee on
General Clauses for .Specifications, reported as follows :

—

"Last year's report on general clauses for specifi-

cations was referred back to the committee, and the

committee was increased in numbers. In the light of

subsequent study, the report submitted at the last annual

meeting is deemed quite inadequate, and the committee
has not yet reached conclusions which can be recom-
mended to the S<xriety for adoption.

"It is doubtful if any set of general clauses can

be compiled which can be used as intended under the

instructions given to the committee, as the varying

demands of contracts for work are so many and the con-

ditions under which they are to be carried out are so

various.

".Specifications and contracts for one stated class

of work might, perhaps, have standard clauses of con-

ditions, but these might not be applicable to a similar

purpose on contracts for work of another variety, and
if used, might in all probability lead to disastrous

confusion.

"The committee has come to the conclusion that it

is not desirable to advise the adoption of one set form
of general clauses for specifications, and that if any
useful purpose is to be served by standard general

clauses, the various classes of work so affected must be

separated, and clauses applicable to each class drav^n

separately, so as to suit the particular class of work.

"Much useful discussion has taken place in tlie

course of the committee's work, which will form the base

for further study, but the committee feels it inadvisable

to make a report under the existing instructions of the

Society, and will await its further instructions." The
committee was asked to continue its work.

Prof. H. M. Mackay, chairman of the Board of

Examiners, reported that nine examinations were held

during the year. Five passed, four failed. The number
of examinations is smaller than usual, owing to the

recent amendment to By-law 8, which permits of the

examination for Associate member to be waived in case

of candidates who have had five years' responsible

charge of work.

.A resolution calling attention to the practice of en-

gineers who are called upon to pass on waterworks and
sewerage plans submitted to Provincial Boards of Health

being financially interested in special forms of treatment,

was submitted to the meeting by Prof. W. Muir Edwards,
of Edmonton. .After discussion it was decided that this

was so fundamental and ob\ious a feature of business

and engineers' ethics that it would be superfluous to call

the attention of the Provincial Boards of Health to the

matter.
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G. R. G. Conway, Toronto, picsenlcd the li)llowing

resolution, seconded by G. A. Mountain:

—

"Tliat the Canadian Society of Civil l-^iigineers,

assembled at their annual meeting, and including repre-

sentatives from all parts of Canada, realizing that the

work of the trained engineer is becoming more and more
of vital iinfHDrtance for the successful termination of the

present war, desires to place at the disposal of the

Dominion Government its organization for the purpose

of assisting and co-operating, by every means in its

power, in properly training competent officers for the

engineering branches of the service.

"This meeting believes that by the hearty and loyal

co-operation of the Society, which its members are

anxious to give, the Dominion Government would have

available for advice and assistance at all times, the

organized services of the best and most highly-trained

engineers in Canada.
"The Society would draw attention to the fact that

already about twelve per cent, of its membership ha\e
volunteered for the defence of the Empire, but feels that

the services of these men have not been used to the best

advantage, as many of them have been drafted into

other branches of service than the engineers. The Society

would impress upon the government the importance of

requiring that all engineer officers should have had prac-

tical engineering training before receiving commissions."

This resolution was adopted unanimously, and the

secretary was instructed to mail it to the Prime Minister.

The only comment ujx)n it was made by Prof. W. Muir
Edwards to the effect that it must not be overlooked that

engineering training is the very best sort of training

for an infantry officer to have had, as well as an en-

gineering oflicer.

The Gzowski medal was awarded to E. Brown, H.
M. Mackay and C. M. Morssen for paper on "Tests
on the Shearing Resistance of Reinforced Concrete
Beams." Many members privately expressed their ap>-

preciation of the original research work shown by this

paper, by Prof. Herdt's paper on "High Voltage Trans-
mission," by the papers on "Decay in Timber," and by
otlier papers presented during the past year, although
some others thought there had been an insufficient

amount of such research work done during the year.

G. A. Mountain presented a resolution, which was
carried unanimously, advising the Committee on Re-
vision of By-laws to consider a change of name of the

Society to embody the word "Institution" instead of

"Society," on account of the word "Society" calling

to mind social affairs mainly, being chiefly used by such
organizations as St. Andrew's, St. George's, etc.

Arthur Surveyer, chairman of the Sanitation Com-
mittee, reported that the public health acts of all the
provinces had been studied and their good points and
shortcomings noted. The committee feels that at least

two or more of the persons appointed on any public health
board should be corporate members of the Society ; that
all reports, plans and specifications covering sewerage
systems, sewage disposal works, water supply or water
purification systems, should be prepared, signed and
submitted to the public health board by a corporate
member of the Society, and that rules covering the filing

of plans should be drafted by the health lx>ards, and
should be uniform.

The committee also states that the general plans
of waterworks systems should sliow the locations of

source of supply, reservoirs, pumping stations, water
purification works, and the whole present distributing

system, the proposed extensions, and the provisions for

future extensions. That these plans should be accom-
panied by a descriptive report of proposed works.

The plans for sewerage systems and disposal works
should include a topographical plan showing main sewer,

collecting sewers, location of outfalls, disposal works,
elevations of inverts at all important points. That these

plans should be accompanied by a report of prof)osed

works, also on the body of water into which sewage is

to be discharged.

A section should be inserted, say the committee, in

all public health Acts that a municipality cannot submit

to the votes of the electors any by-law to raise money
for such works as above without having the board of

health's approval, based on the plans and reports

submitted.

That a section should be inserted in all public health

Acts providing that any municipality ordered by the

board of health to do any such works as above be au-

thorized to take the necessary amount from its general

funds, and, if necessary, to borrow such amount without

formality, and even to exceed statutory borrowing powers
by 5 per cent, of municipal valuation.

That control of all water purification plants and
sewage disposal works be vested in the Board of Health.

That after these recommendations have been fully

studied and adopted, the various Boards of Health

should be induced to amend their public health Acts

accordingly, if possible.

As regards matters which do not affect health ma-
terially, such as pumping capacity, pressure at hydrants,

etc., it is suggested by the committee that in order to

safeguard the credit of the municipalities, the different

provinces should each appoint a Provincial Municipal

Board, composed chiefly of engineers, all members of

the Society, the duty of this Board being to pass judg-

ment upon all important proposed public works and upon
the by-laws presented to raise money before these by-laws

are submitted to the ratepayers.

Two hundred and eighteen members attended the

annual meeting, which is a slightly smaller number than

usual, due undoubtedly to the war. The members who
attended from outside the Montreal district included the

following, the names being given in order of regis-

tration :

—

John J. McNab, Trenton, Ont. ; A. A. Dion, Ottawa

;

W. Muir Edwards, Edmonton; L. M. Arkley, Toronto;
Harry Barker, New York; G. K. G. Conway, Toronto;
E. W. Oliver, Toronto; H. E. T. Haultain, Toronto; B.

E. Norrish, Ottawa ; R. F. Uniacke, Ottawa ; Geo. A.

Mountain, Ottawa; G. A. McCarthy, Toronto; George
Kydd, Campbellford, Ont.

; J. R. W. Ambrose, Toronto;

E. T. Wilkie, Toronto; Geoffrey Stead, Chatham, N.B.
;

A. A. Belanger, Ottawa; C. M. Goodrich, WaJkerville,

Ont. ; B. G. Wisser, Carleton Place, Ont. ; Geo. E.

Roehm, Walkerville, Ont.; F. C. Gamble, Victoria; F.

C. Jewett, Campbellford, Ont. ; F. De C. Davies, Win-
nipeg; Alex. J. Grant, Peterboro' ; Charles H. Keefer,

Ottawa; J. B. Challies, Ottawa; A. St. Laurent, Jr.,

Ottawa; A. R. Decary, Quebec; Jean T. Claveau, Chi-

coutimi, P.Q. ; F. G. Engholm, Toronto; Gilbert G.

Murdoch, St. John, N.B. ; Arthur Vincent, Longueuil,

P.Q. ; Jean Blizard, Ottawa: P. E. Arnat, Chicoutimi;

Col. G. S. Maunsell, Ottawa; James Robertson,

Lachine; L. A. Amos, Eachine; Harry A. Paquette,

Levis, P.Q. ; Wm. P. Anderson, Ottawa; James White,

Ottawa; R. J. McClelland. Kingston; J. L. Busfield,
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Ottawa; B. S. McKenzie, Winnipeg; J. P. Menard,
Lac Long; R. L. Dobbin, Peterboro'

; J. B. O. Saint-

Laurent, Ottawa ; D. H. Woollatt, Walkcrville, Ont.
;

A. B. Lambe, Ottawa; T. A. Jardine-Forrester, Quebec;
A. F. Smith, Neilsonville, P-Q- ; Gordon Grant, Ottawa;
Arthur Dick, Quebec; Duncan Macpherson, Ottawa;
H. W. Faus, New York; G. H. Blanchet, Ottawa; A.

M. Marraway, Ottawa; H. W. McAIl, Toronto; C. H.

Fullerton, New Liskeard, Ont. ; Andrew F. Macallum,

Hamilton; T. A. ^L^cLean, Jr., Marble Mountain, N.S.
;

J. J. Aldred, St. Catharines; Jas. L. F. Millar, Pem-
broke, Ont. ; D. O. Lewis, Victoria ; A. Lighthall, Van-
couver; H. Bambrick, Winnipeg; J. G. G. Kerry, To-

ronto; Jos. R. Roy, Ottawa; S. B. Clement, North Bay;
A. B. Blanchard, Truro, N.S. ; E. A. Forward, Quebec;
C. G. Keyes, Ottawa; H. K. Wicksteed, Toronto; B.

W. Seton, Toronto; H. T. Routly, Huntingdon, P.Q.
;

H. W. Read, Stonehaven, N.B.; W. P. Wilgar, Ot-

tawa ; A. O. Beauchemin, Quebec.

HIGHWAY WORK IN CANADA.

MR. GEO. A. McXAMEE, secretary-treasurer of

the coming Third Canadian and International

Good Roads Congress in Montreal, has collected

some interesting information regarding recent

progress in highway improvement in Canada. We are

indebted to him for the following summary :

—

In New Brunswick a separate department for roads

has lately been created, with Mr. John L. Feeney in

charge, and a definite policy of road construction is being

formulated. Last year the province subsidized its roads

and will again do so this year.

In Prince Edward Island, which is almost altogether

an agricultural province, the earth roads are largely re-

paired and improved each year. The mileage is approxi-

mately 3,500 miles. Repairs are made by district road

taxes, supplemented by legislative allowances for larger

works. The road taxes for 1914 amounted to $36,000 and
the legislative allowance was $18,000 for roads and

$35,000 for permanent bridges.

In Quebec, where rapid strides have been made in

the last half-dozen years, 295 miles of water-bound mac-
adam and 140 miles of gravelled roads were built in 1915
by the government as provincial roads, or by municipali-

ties with government assistance, at a total cost of nearly

$3,000,000. The Sherbrooke-Derby Line road, 32 miles,

is complete. There remain only 14 miles to be done on
the Levis-Jackman road, and of 32 miles of uncompleted
road on the Montreal-Quebec road, foundation has been
laid for 21 miles. These roads are expected to be finished

this year. From 17,000 to 18,000 miles of earth, gravelled

or macadam roads are regularly maintained by municipal

councils, 476 municipalities having by-laws in force for

road maintenance. During the past few vears Quebec has
expended over $14,000,000 on its roads out of the

$15,000,000 appropriated, and an authoritative rumor
states that $4,000,000 will most likely be appropriated
during the present session of the Legislature. This, to-

gether with the balance of appropriation on hand, makes
$5,000,000 for roads in Quebec. Several provincial roads

asked for by different districts are receiving government
consideration.

In Ontario, 20 miles of the Toronto-Hamilton con-
crete highway was completed in 1915, leaving about 16

miles to complete. The total cost will be about $850,000;

the provincial subsidy being $4,000 per mile. The con-
struction of a main highway from loronto to Oshawa,
about 26 miles, and from Ottawa to Prescott, about 5o
miles, at a cost of $600,000, are the principal main roads
under consideration. In addition to these projects for

main roads which vifill ultimately form sections of national
highways, there was constructed in 1915 approximately
250 miles of county roads at a cost of $658,000, of which
the province paid one-third. The provincial appropriation
of $2,000,000 for county aid is exhausted, but a further

appropriation is expected at the coming session of the
Legislature. The Ontario Government proclaimed the
Highways Bill to take effect last month. Instead of 30
per cent., the government will pay 40 per cent, of con-
struction cost and 20 per cent, of maintenance cost, in-

stead of nothing as heretofore. The increased revenue
from motor licenses will be devoted to defraying the
additional charges on the provincial revenue.

The Saskatchewan Legislature voted the following

amounts for road purposes for the fiscal year ending April

30th, 1916: To be expended from income, on roads and
bridges, $500,000; to be expended from capital, on steel

bridges with concrete foundations, $300,000 ; to be ex-

pended from capital, for highway construction, $1,200,000.
Owing to financial conditions arising from the war, how-
ever, it was decided to restrict the expenditures, and the

amounts spent under the above three heads are respec-

tively $170,000, $163,000, and $328,000. The province

has not yet started the construction of hard metal road-

ways, the work consisting mainly of making passable the

dirt roads.

Since its formation as a province in 1905, Alberta has
been spending $500,000 annually upon its roads, in con-

junction with the municipal organizations, and where there

are no municipal organizations, expenditure is made
directly through the Public Works Department. As the

province, like Saskatchewan, is a new one, no highways
have yet been set aside for construction with permanent
material, the problem so far having been largely one of

assisting the settler to get from his homestead to his

nearest railway point.

The above brief survey omits reference to the work
done or under way in Nova Scotia, Manitoba and British

Columbia. It may be stated that in the Province of Nova
Scotia the expenditures for highways and highway
structures have been greater for the fiscal year ended
September 30th, 1915, than for any previous year, accord-

ing to recent advice from Mr. Hiram Donkin, provincial

engineer. Department of Works and Mines.

In Manitoba the year 1915 saw much rural roadwork
accomplished under the direction of Mr. Alex. McGillvray,

engineer of highways. In that province log-drag com-
petitions have been of phenomenal value in promoting
interest in and in improving roads.

British Columbia is considerably in advance of the

other western provinces, both in the matter of its road

policy and in actual accomplishments. Along the Pacific

Coast are to be found some hard-surfaced roads that vie

with any in the east in the matter of service, many of them
being of an interurban character and others market roads

in thickly settled valleys.

Canada has made rapid progress in recent years in

the much-needed solution of her transportation problem.

It is to be expected that the Congress in March will add
materially to the desire for better roads, and although the

provinces must be guided in their financial plans this year

by consideration of the conditions created by the war,
there is a common knowledge that much can be done
toward the improvement of rural highways without en-

tailing the expenditure of large sums of money.
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CANADIAN SOCIHTV OI- CIVII. F.NGINEKRS
RHl'ORTS OF BRANCHHS.

SI'Al'lKAL items of interest and inlormation of value

are contained in tlie reports of branches submitted

last week at the aiuiual ineetinfr of the Canadian
Society of Civil Engineers. Following are a few

brief abstracts from the reports:—
Vancouver Branch.—A. K. Robertson, secrelar}-.

MeiTibership, iig. Thirteen meetings were held during
the year, papers illustrated with lantern slides being read

at each meeting. The principal engineering magazines
are kept on file in the library and reading room of the

branch, 1017 Metropolitan Building. F. O. Mills has

been appointed assistant secretary, as Mr. Robertson is

on military duty during a portion of the time. R. F. Hay-
ward is chairman for 1915-1916.

Manitoba Branch.—A. W. Smith, secretary "treasurer.

Seven regular meetings of the branch were held during
the year, at which papers were read and discussed. The
average attendance was forty. The Electrical Section

held six meetings, at which the average attendance was
thirty-three. The Mechanical Section also held six meet-
ings, with fifteen average attendance. The membership
of the branch is 218, with 27 members at the front or

enlisted. A volume of transactions of the branch, includ-

ing papers read in 1914-15, was printed this year and
distributed to branch members. .\ registration list of

unemployed members has been started. Frank Lee is

chairman for 1916. The branch has a balance of $721.21.

Regina Branch.—J. N. de Stein, secretary-treasurer.

This branch is just concluding the first year of its exist-

ence. Joint monthly meetings are now held with the

Regina Engineering Society, the conduct of the meeting
being vested alternately in each society. There have been
three such meetings to date, and three other general
meetings for organization. The branch members number
21;, with eight on active service. The chairman is O.
W. Smith.

^

Victoria Branch. — R. \\'. Macintyre, secretary.

Twelve meetings were held during the year with an
average attendance of 13.6, five papers being read before
the branch. The membership is 79, a decrease of two
compared with the previous year. Nineteen members
have joined the Overseas Forces. Eight receptions were
held during the winter, with a good attendance ofl mem-
bers and ladies. The fourth annual convention of British

Columbia members was held in Vancouver, December
loth. Owing to the formation of a Provincial Division,
the report of the annual meeting is incorporated with the
proceedings of the Provincial Division, which is a nominal
change only, as all past conventions have been provincial

gatherings of all British Columbia members. H. W. E.

Canavan is chairman for igi6.

Edmonton Branch.—L. B. Elliott, secretary-treasurer.
Membership, 50. Four papers were read before the branch
during the year. The branch also spent several evenings
visiting engineering works of interest in the city. The
chairman for 1916 is A. T. Fraser. Informal discussions
on engineering problems of the day are now being held.
A discussion on spur track regulations in Edmonton was
held recently. .'\t the last regular meeting, Hon. Charles
Stewart, Minister of Public Works of .\lberta, gave an
address on provincial highways. The meetings have been
held at the Dniversity of Alberta, and members are also
accorded the use of the university library. These matters
have been arranged through Prof. Muir Edwards.

Quebec Branch.—Ivan E. Vall6e, secretary-treasurer.
Membership, 110. Seven meetings were held during the
year. Ten members have volunteered for overseas service

and one member has been killed in .iclion. .S. .S. Oliver is

chairman of the branch.

Ottawa Branch.—J. H. Challies, secretary-treasurer.

Membership, 254, an increase of 26 compared with 1914.
Thirty-one members are on active service. Thirteen
papers were read before the branch during the year. The
Normal School auditorium, the board room of the Con-
servation Commission, and the Ottawa Public Library,
have been placed at the branch's service for open meet-
ings. The branch is somewhat hampered by lack of per-

manent quarters, but finances are low. John Murphy is

the branch chairman for 1916.

Calgary Branch.—Sam. G. Porter, secretary-treas-

urer. There have been nine general meetings during
the year. Seven suppers were given, and illustrated

lectures enjoyed after each supper. /\ hmcheon and other

entertainment w\-is also accorded various visiting parties

of engineers. The bank balance is $365.95. The mem-
bership is 67, eight of whom have enlisted, and one
member has been killed in action. The report states

that it is felt that "the branch has advanced materially

during the past year, and that it is exerting an influence

in the community. The fact that the city council gave
us a grant for use in entertaining a party of engineers

who visited the city, and accepted our offer to investigate

and report on the technical matters referred to in Alder-

man Fawkes' charges regarding the Centre Street Bridge,

are evidences of the official recognition we have received."

The chairman for igi6 is \\'illiam Pearce.

Toronto Branch.—L. M. Arkley, secretary-treasurer.

Membership, 344, an increase of 49 over 191 4. Eighteen

corporate members and about 75 students have joined

the colors. Standing committees were formed paralleling

the committees of the main Society. Eight meetings

were held, at which papers were read, and a trip of

inspection to the Welland Canal was much enjoyed. The
branch's library and lecture-room are those of the

Engineers' Club of Toronto. Finances are in a fair con-

dition. The chairman for 1916 is Geo. A. McCarthy.
Reports of some of the branch committees are appended
to the branch's annual report.

British Columbia Division.—E. A. Cleveland, secre-

tary-treasurer. The report includes the minutes of the

first meeting of the committee of the provincial division

of British Columbia, held October 23rd, 191 5, and also

of the first general meeting of the British Columbia
division held December nth. 19T5. The by-laws have
not yet been completed. The Vancouver and Victoria

branches have requested the provincial government to

amend the "Interpretation .\ct" bv in.serting therein a

definition of the word "engineer" as a "member of the

Canadian Society of Civil Engineers, or of the Institu-

tion of Civil Engineers of Great Britain or Ireland, or

of the American Society of Civil Engineers." The
request has not yet been granted. A circular letter w-as

mailed to all corporate members of the .S(X"ietv regarding

the amendments to by-laws and regarding the circular

letter on the same subject that had been sent out to the

members bv the council of the Societv. The first chair-

man of the division is T. TT. ^^'hitc.
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DEVELOPMENT OF TRANSPORTATION FACILITIES
IN BRITISH COLUMBIA

ABSTRACTS FROM THE PRESIDENTIAL ADDRESS OF FRANCIS CLARK
GAMBLE, BEFORE THE CANADIAN SOCIETY OF CIVIL ENGINEERS
AT THE THIRTIETH ANNUAL MEETING IN MONTREAL LAST WEEK.

BEFORE the advent of the Canadian Pacific Railway

there were in British Columbia three cities, viz.,

X'ictoria, Xanaimo and New Westminster, the two
first situated on \"ancouver Island and the latter on

the Fraser River, seventeen miles from the Straits of

Georgia; the aggregate population of these cities in 1880

was 9,0-0. Since then, by reason of the greater facilities

for transportation afforded by steamships and railway

companies with increased mileage and improvement of

highways, the industries connected with the natural re-

sources of the country have prospered and extended their

operations. The cities, including Vancouver, the Pacific

terminus of the Canadian Pacific Railway, and Prince

Rupert, the western terminus of the Grand Trunk Pacific

Railway, have increased in number to twenty-five, with a

total urban population of 203,689 and a rural population

tributary thereto, including those living both in organized

and unorganized districts, of 188,796, making the total

population of the province, according to the public census

of 191 1, 392,485.
The principal centres of population and of commercial

and mining industries are at present along the Canadian

Pacific Railway, which enters the province by way of the

Kicking Horse Pass, and between that railway and the

international boundary line, a zone which, in consequence

of the construction of railways and of its close connection

with the United States, has attracted up to this time the

greatest degree of attention.

Those portions of the province lying north of the

Canadian Pacific Railway, known as the Lillooet, Cariboo

and Peace River Districts, rich in agricultural and mineral

possibilities, have suffered for want of reasonable trans-

portation facilities other than those offered by highways,
no matter how good these may be. Roads are necessary

as tributaries to railways for comparatively short dis-

tances, but to depend upon them for conveying freight or

transporting ore long distances does not encourage eco-

nomic development.

The remedies for this are now being applied. The
Grand Trunk Pacific Railway and the Canadian Northern
Pacific Railway, two transcontinental lines, enter the pro-

vince by way of the Yellowhead Pass. The former,

proceeding west from Yellowhead Pass, terminates at

Prince Rupert on the coast, about 700 miles north of Van-
couver, while the latter, turning south, about forty miles

west of the Pass, to the North Thompson River, thence

follows that stream, and the main Thompson and Fraser

Rivers to Vancouver. The Pacific Great Eastern Railway,

in course of construction from Vancouver to Prince

George, a distance of 479J3 miles, connects at the latter

place with the Grand Trunk Pacific Railway. It is the

intention to extend it north and east into the Peace River

country, as far as the east boundary of the province.

(The enormous resources of the province are then

referred to by Mr. Gamble, chiefly the water powers,

minerals, fisheries, timber, pulpwood, and the areas of

agricultural land.)

Coastal and Ocean Service.—After the commence-
ment of the Canadian Pacific Railway in British Columbia,
the railway company, upon its entry into Vancouver in

1887, took over the coast service, which was immediately

augmented and improved with boats of a superior class,

the "Princess" type, and was extended to other island

and northern ports, including Skagway and Seattle. In

addition to the passenger and freight boats the company
employs tugs to tow car barges backwards and forwards
between the city of Vancouver and Ladysmith, on the

Esquimalt and Nanaimo Railway, Vancouver Island,

whereby through freight is delivered to Victoria and
other island points in car-load lots, thus avoiding break-

ing bulk at Vancouver.

The fleet of 21 vessels, including 12 "Princesses,"
engaged in this service has a total tonnage of 35,591.42.

The Grand Trunk Pacific Railway have in operation

between Prince Rupert, Vancouver, Victoria and Seattle,

two large passenger ships of the "Prince" class of 3,372

Mount Robson (13,000 ft.) from the C.N. P. Railway.

and 3,379 tons registered respectively. Three other small

boats, aggregate tonnage 4,710, are in commission be-

tween Vancouver and the northern ports when business

offers.

The Union Steamship Company of Vancouver have

nine steamships, total registered tonnage 5,529, calling

at British Columbia ports between Vancouver and
Stewart, the latter being the most northerly port on the

coast of British Columbia, situated on the Portland Canal.

The Terminal Steam Navigation Company have three

boats, of a total registered tonnage of 1,355, ply'"& b^"

tween Vancouver and Howe Sound ports. There are

several other boats engaged in the coastwise service, but in

number and size they do not call for special mention here.

The total number of boats and the registered tonnage

thereof, as outlined above, engaged in the coastwise

service of the province, are 38 and 43,936 respectively.

The trans-Parific trade is of great interest. There

has been a notable advance since 1S80, when the tonnage

was insignificant. In 1SS7, followinar the opening of the

railway between the .Atlantic and the Pacific, the Canadian
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Pacific Railway cslahlislu'd a line ol slcaniships between
V'ancouver and oriental ports, consisting of three ships,

approximately of a total gross tonnage of 10,000. The
service was every three weeks both ways. In 1889 three
ships of the "Empress" class entered the service, replac-

ing those first mentioned ; in 1893 '^^0 larger "Empresses"
w-ere put in service. Had it not been for the war there

would now be five large steamships of a gross tonnage of

51,720 tons running between Vancouver and Yokohama
and Hong Kong.

The Canadian-.Vustraiian line was established in 1893,
with two steamships of a gross tonnage of 6,421, aug-
mented, at this date, to 21,490 tons. One of these boats
leaves X'ictoria, B.C., and Sidney, .Australia, every twenty-
four days for Sidney, Australia, and Vancouver, B.C.,
respecti\ely, calling en route at Honolulu, Suvo, Fiji and
Auckland, and New Zealand.

Two other lines of steamships, the Blue Funnel and
Harrison lines, freight carriers principally, make voyages
between the ports of Great Britain and those of the pro-
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The construction of the Cariboo Road was commenced
through the canyon above Yale by royal engineers in

1862, who built about eight miles. After this, the work
was given out by contract by the Crown Colony Govern-

ment, and the road completed to Barkerville.

When navigation on the Fraser River was possible,

freight was transferred to steamers at Soda Creek and

carried to Quesnel, a distance of about 54 miles.

The suspension bridge over the Fraser River (220-ft.

span) was built by contract in 1S63, the contractor being

allowed to collect tolls. The cables of this structure,

made of black iron wire brought from San Francisco, were

laid together on the ground covered with canvas and

painted. The towers were of timber resting on masonry.

It was in use for forty-seven years.

There was an alternative route into Cariboo, in the

early days before the Yale-Cariboo Road was built, by

way of the Fraser River, Harrison River, Harrison Lake,

Douglas Portage, Lillooet Lake, Portage to Anderson

Lake, through the latter and Seton Lake by boat, and

thence by road to Lillooet and up the Fraser River over

Pavilion Mountain, over 5,000 ft. altitude, to Clinton,

where a junction with the Cariboo trail was made. This

route was abandoned after the completion of the Yale-

Cariboo Road, on account of the excessive cost, the con-

sequence of many unavoidable delays due to necessary

transhipments.

A branch stage road was built in 1866 from the Cari-

boo Road at Cache Creek to Savona on Kamloops Lake,

through Kamloops to Okanagan Mission, situated on the

east side of Okanagan Lake, and in i86g a stage line was
established between Clinton and Lillooet.

To assist in the construction of the C.P.R. the gov-
ernment of British Columbia transferred to the Dominion
Government a strip of land called the Railway Belt, 40
miles in width (20 miles on each side of the centre line of

the railway), from a little east of the 123rd meridian to

the summit of the Rocky Mountains, containing about

11,050,000 acres, together with a block of land in the

Peace River country bordering on the 120th meridian, the

east boundary of the province, between north latitudes

55.38 and 56.4c containing 3,500,000 acres.

Since May, 18S0, when the construction of the Cana-
dian Pacific Railway was commenced in British Columbia
by the Government of Canada, over 2,000 miles of railway

have been completed and put in operation in the province,

including Vancouver Island
; 41 1 miles are now under con-

struction and 949 miles projected.

The Canadian Pacific Railway.— It has never been
definitely explained wiiv the Kicking Horse Pass was
selected in the first instance by the Canadian Pacific Rail-

way Company in preference to the Yellowhead Pass, some
1,479 ft. lower, but whatever the reason the fact remains
that it has proved a wise and fortunate one for the country
through which the railway now passes. Mining districts

have been prospected and many mines opened up, and
fertile valleys settled and developed that otherwise would
have remained untouched for very many years.

The Dominion Government in 1880 let the contract

for the construction of that portion of the railway lying

between Emory Bar, about four miles below Yale, through
the canyon of the Fraser, ta Savona at the lower end of

Kamloops Lake, a distance of about 123 miles. Work
began in May of that year. A contract was let subse-
quently to the same contractor to build from Emory Bar
west to Port Moody, the statutory terminus, a distance of

about 105 miles. The track between Port Moody and
Savona was laid first W'ith 56-57-lb. steel rails in 1884-5.
These two portions were handed over upon completion to

the company.

The railway company entered upon construction in

British Columbia probably in the fall of 1883, working
east from Savona and west from the summit near Field.

The last spike closing the connection between east and
west was driven near Craigellachie, in Eagle Pass, 351
miles west of Vancouver, by Mr. Donald Smith (after-

wards Lord .Stialhioiia), on the 7th \o\eniber, 1885.

Trout Creek Bridge, near Summerland, West of Okanagan
Lake. Centre Span, 250 ft. ; Maximum Height, 236 ft.

The railway company extended the line west from
Port Moody along the south shore of Burrard Inlet to

Coal Harbor, the first through train arriving in Vancouver
on the 23rd May, 1887.

From the year 1886 the Canadian Pacific Railway
Company has steadily pushed into the territory tributary
to, and south of, the main line bv constructing branches
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or by loasint; ami absoibiny ihe prox iiicial charters of

otlicr railways, wliereby fertile valli-ys and mineral re-

sources hint; between the main line and the international

boundary line have been developed. The company be-

tween X'ancouver and Ruby Creek has 92 miles of double

track.

The transcontinental line of the railway company
enters the province by way of the Kicking Horse Pass at

the summit of the Rocky Mountains, follows down the

Kicking Morse River to Golden on the Columbia River,

thence follows that stream to Beaver Mouth, ascending

from there to Roger's Pass, the summit of the Selkirks,

descending again follow'ing the lllecillawaet River to

Revelstoke on the Columbia River, rising therefrom, the

line passes through Eagle Pass, descending to Shuswap
Lake, and thence following the valleys of the Thompson

Canadian Northern I'acitic Railway Bridge No. 5, Over
Thompson River, at Ashcroft, B.C.

and Fraser Rivers to Burrard Inlet and Vancouver, a

distance of 521 miles.

The weight of rails first laid from Kicking Horse
summit to Revelstoke was 70 pounds, from Revelstoke to

Savona, 60 pounds. These have all been replaced with

85-pound rails with improved angle bars, and tie plates.

The ruling grades are as follows :

—

East Bound :—

-

Cascade Section :—
Port Moody, 2 miles east i.i %
Katz Landing- to Hope, 3 miles 1.2 %
Sailor Bar to Spuzum, 4 miles 1.2%

Thomfson Section :—
Salmon River to Keefer, 4 miles i.i %

Shusn/ap Section :—
Stormont to Notch Hill, miles i.i %
Craiffellachie to Clan William, 10 miles J.i%

Mountain Section :—
Revelstoke to Albert Canyon, 20 miles 1.2%
Albert Canyon to Rogers Pass, 20 miles 2.2%
Golden to I.inchoil, 15 miles 1.7%
Otter Tail to 2 miles west of Field, 4 miles... 2%
Field to Tunnel, 2 miles 2.2 % .

Tunnel to Kicking Horse Lake, 5 miles 4-5%
Kicking Horse Lake to Hector, 2 miles 2%

West Bound:—
Mountain Section :—

Field to 2 miles west 2 %
Beaver Mouth to Rogers Pass, 23 miles 2.2%

Shuswap Section :—
Revelstoke from Columbia River Bridge to Clan

William, 8 miles 1.3 %
Tappin Siding to Notch Hill, 8 miles 1.3%

Thompson Section :—
Penny's Grade, 3 miles i.i %
Cisco, 2 miles 1.1%
Salmon River west, 2 miles 1.1%

Cascade Section :—
2 miles east to Spuzum 1.1%
I mile east to Yale i.i %
I mile east of Hope i %

ft

One notable betterment is the great reduction which
has been carried out on the hill between the tunnel and
Kicking Horse Lake, whereby the 4.5% grade has been

reduced to 2j{% grade, but lengthening the line four

miles with the assistance of two spiral tunnels.

.\nother very important improvement in the location

of the line is at present in progress at Roger's Pass,

whereby the 2% grade, compensated, ascending west-

wards to, and descending from the summit of Roger's

Pass, will be very greatly reduced, the line shortened by

4.3 miles and about five miles of snow sheds avoided.

This change entails a tunnel, double tracked in anticipa-

tion of future needs, five miles in length, one of the

longest, if not the longest, on the continent. The grade

reduction is the difference in elevation between the summit
of the Pass and that of the highest point in the tunnel

near the west portal, namely, 552.6 ft.

Entering the east portal the grade rises .95% for a

distance of 4?4 miles, then follow-s a quarter of a mile of

level grade to the west portal, the grade therefrom falls

for three-quarters of a mile at the rate of .50% and thence

at 2% compensated, to connection with the original main
line where the grade is the same.

The diversion commences 76.55 miles west of the

divisional point at Field and terminates at 87.05 miles.

The bridge erected by the Dominion Government
over the Fraser River at Cisco, 152 miles east of Van-
couver, was a cantilever type designed by Mr. Snider, of

New York, fabricated at Birmingham, England, shipped

to Esquimalt and erected in place by the San Francisco

Bridge Company in 1884. It was the first bridge of this

kind designed for railway purposes.

Previously to being shipped, it was put together at

the shops and was there seen by some engineers who
ordered a similar structure for the Niagara River below

the Falls. It was manufactured of iron and shipped, and
was erected before the Cisco bridge, so that although the

latter was the first railway cantilever bridge made it was
not the first erected.

The fotal length of the bridge was 529 feet, ballast

wall to ballast wall of abutments, the centre span being

315 feet centre to centre of piers.

The traffic becoming heavier, the weight of the loco-

motive was increased from 100 to 200 tons. It was there-

upon decided to replace the cantilever bridge with a steel

through truss centre span and deck shore spans. This

replacement was carried out without any interruption to

traffic by the Dominion Bridge Company. The old bridge

has been re-erected over a deep ravine on the Esquimalt

and Nanaimo Railway within a short distance of Victoria.

The paper then reviews the history of the construc-

tion, and of the development resulting therefrom of the

various branch lines and extensions of the C.P.R. in

British Columbia, with particular reference to the

Kootenay Central Railway ; the Revelstoke-Arrowhead-
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Nakusp-Kalso system ; the Shuswap and Okanagan Rail-

way ; the Crow's Nest extension, the Kettle Valley Rail-

way, the Esquimalt and Nanaimo Railway, and others.

The Canadian Northern Pacific Railway.—The Cana-
dian Northern Pacific Railway Company was incorporated

by an Act of the Legislature of British Columbia in igio.

By a previous Act an agreement confirmed by an Act had

been entered into whereby the government of the province

agreed in consideration of the company building 500 miles

on the mainland, and 100 miles from Victoria on Van-
couver Island, to guarantee the company's bonds to the

extent of $35,000 per mile, 600 miles in all. The guarantee

of bonds for the 500 miles on the mainland was afterwards

increased by $10,000 per mile. Further undertakings by
this company received assistance from the province in the

shape of guaranteed bonds as follows: 339 miles of

branch lines and extensions at $35,000 per mile; 11 miles

Westminster Bridge to Vancouver, at $10,000 per mile;

6 terminals, Port Mann, Westminster, Vancouver, Patricia

Bay and Victoria. Lump sum, $10,000,000.

The line on the mainland has been completed and is

now in operation from Yellowhead Pass to Westminster
bridge, and thence over the tracks of the Great Northern
Railway Companv to Vancouver.

The Canadian Northern Pacific Railway enters the

province of British Columbia through the Rocky Moun-
tains at Yellowhead Pass, from thence paralleling the

Grand Trunk Pacific Railway, on the south side thereof,

it follows the Fraser River, Mt. Robson to the right, to

Tete Jaune Cache for a distance of about 42 miles, thence

turning south, it passes over .Vlbreda Summit—there are

seven steel bridges between Yellowhead and this sum-
mit—to the North Thompson River, which it follows to

Kamloops, crossing the same in its course four times.

From Kamloops paralleling the Canadian Pacific Railway
generally on the opposite side of the river it continues

down the Thompson River, crossing it seven times, and
the Fraser River, crossing it at two points, to New West-
minster, thence over the Provincial Government bridge at

that place, it proceeds to Vancouver, as before stated,

over the tracks of the Great Northern Railway, a total

distance of 511 miles. All the bridges over the Thompson
and Fraser Rivers have steel superstructure resting on
concrete piers and abutments. One span on the North
Thompson River above Kamloops has a vertical lift span.

The Pacific Great Eastern Railway.—The Pacific

Great Eastern Railwav, now under construction between
Vancouver and Fort George, where it will form a connec-
tion with the Grand Trunk Pacific Railway, has a length

of 479.6 miles. Its initial point is on the north short of

Burrard Inlet, where it will connect with the proposed
bridge over the Second Narrows of that sheet of water.

At the present time it is constructed between Lons-
dale Avenue, in the city of North Vancouver, and a point

called Whytecliffe, 13 miles west of the shores of Howe
Sound. Between Whytecliffe and Squamish (a distance

of 27 miles), the present terminus of the railway, no work
of construction has been performed. From Squamish the

line follows up the Cheakmus River to the summit at

Green Lake. From Mons or Green Lake the line de-

scends to the Lillooet River, Pemberton Meadows, 58
miles from Squamish dock. From the Lillooet River the

line ascends over Birkenhead Summit, then descending to

Anderson Lake, skirting its north shore and that of Seaton
Lake, to Lillooet on the banks of the Fraser River. From
Lillooet the line follows up the east side of the Fraser
River on a grade of 2% and 2.2% for about 28 miles to

Kelly Lake summit, and thence on to Clinton, a distance

of 167 miles from Squamish. From Clinton, to which
point the line is now being operated from .Squamish dock

the direction is northeasterly to Horse Lake summit.

From Horse Lake summit the line turns to the northwest

and skirts the shores of Lac la Hache on the south side

to the divisional point at Williams Lake, thence passing

Quesnel, returning to the Fraser River it continues on the

east side thereof to the Grand Trunk Pacific bridge on the

Fraser River opposite Prince George. The Pacific Great

Yellowhead Pass from the Summit of Mount Resplendent

(8.000 ft.). Showing C.N. P. Lines on Extreme Left;

G.T.P. Parallel to it and Fraser River on Right.

Eastern Railway, when finally finished, will open up one

of the most desirable sections of British Columbia.

From Prince George it is proposed to extend this rail-

way northwards and westerly to the Peace River country,

where it is anticipated connection will be made with one

of the roads in the northern part of Alberta.

Grand Trunk Pacific Railway.—The Grand Trunk
Pacific Railway (transcontinental line) enters British

Columbia by way of Yellowhead Pass paralleling the

Canadian Northern Pacific Railway down the Fraser

River to nearly Tete Jaune Cache, a distance of 42 miles,

from this point it continues down the Fraser, which it

crosses, into Prince George, thence running up the

Bridge No. 10 Over Thompson River at Kamloops, B.C.,

C.N. P. Railway. Note Vertical Lift Span.

Nechacco River to Fraser Lake it passes through the

Bulkley Valley to the Skeena River, about Hazleton,

thence down that river to its estuary which it follows

along the north shore line to the terminus of the railway

at Prince Rupert, a distance of 703.4 miles.

The ruling grade westbound is .4 of i",',. The maxi-

mum grade is the same. The ruling grade eastbound is

the same; the maximum grade eastbound is ry,, 20.15

miles in length, and designed as a pusher grade. Outside
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of the 20.15 miles mcnlioiu-<J ;ill easlbound grades are .40

of 1% or less. The maximum curve in British Columbia

is o degrees.

At Prince George, where connection will be made
with the Pacific Great Eastern Railway, another trans-

continental road will be admitted into Vancouver.

Great Northern Railway.—The Great Northern Rail-

way Company, incorporated in the United St.ites, controls

in the province of British Columbia all the lines con-

structed under charter guaranteed by the Provincial Legis-

lature to the Vancouver, Victoria and Eastern Railway

and Navigation Company; the Crow's Nest Southern

Railway; the Victoria and Sidney Railway; the Victoria

Terminal Railway &' Ferry Company, and the New West-

minster Southern Railway; the Red Mountain Railway

which is a branch of the Spokane Falls & Northern Rail-

way from a point south of the boundary line to Rossland

in British Columbia ; the Fort Shephard and Nelson Lake

Railway from the boundary line to Nelson, B.C. ; the Van-

couver, Westminster & Yukon Railway, approximately

420 miles in length. The terminus in this province is

Vancou\er. With the exception of the Victoria and

Sidney Railway, all the lines mentioned above lie between

the Canadian Pacific Railway and the international boun-

'^' •

Bridge Over the Fraser River at New Westminster, Built

by the British Columbia Government.

darv line. This railway system brings the northern portion

of the province into close touch with the United States.

The most easterly point of the Great Northern Rail-

way Company in British Columbia is Michel on the Crow's

Nest Southern Pass. From Michel the line proceeds down

the Elk River, passing Fernie and paralleling the Crow's

Nest line of the Canadian Pacific Railway to Elko, where

the latter line crosses under the one now under reference.

From Elko this road proceeds in a southwesterly direction

to Kootenay River and crosses into the United States at

a place called Gateway. Thence, after meandering

through the States of Idaho and Washington it returns

to Canada : (i) .Vt Waneta on the east side of the Columbia

River at the boundary line
; (2) at Paterson on the east

side of the Columbia River ; (3) at Laurier. From Laiirier

it runs on the north side of the boundary line through

British Columbia, passing Grand Forks, with the branches

to Granby and Phoenix, leaving the province again at Car-

son, returning to the north side of the boundary line at

Midway and leaving it again about Bridesville, returning

to the north of the boundary line at Chopaka on the

Similkameen River, thence following up the Similkameen

River to Princeton and on to Otter Summit. From Otter

Summit the V. V. S: E. Railway and Navigation Company

(Great Northern Railway Company) has running rights

over the Kettle Valley Railway to Hope on the Fraser

River, then having the same rights over the Canadian

Northern Pacific Railway to Sumas, and thence through

the southern part of New Westminster district to the

bridge over the Fraser River at New Westminster, and

then on to Vancouver.

The bridge over the Fraser River was built by the

province of British Columbia and was operated for traffic

in the year 1904. It gives access to Vancouver for three

transcontinental railways, namely, the Great Northern

Railway, the Northern Pacific Railway, and the Canadian

Northern Pacific Railway.

British Columbia Electric Railway.—The British

Colinnbia Electric Railway Company has also running

rights o\er this bridge. This company was incorporated

in 1897, and immediately took over the operation of elec-

tric tramways and light and power services in the cities

of Victoria, Vancouver and New Westminster, and the

adjoining territory. The present mileage of single track,

including city and suburban lines, is 281 miles, in details

as follows

:

Vancouver Island 51 miles

Mainland 230 "

281 "

The above-mentioned bridge is a steel structure rest-

ing on solid masonry piers consisting of the following

spans

:

1 through fixed span of 225'

I " " " " 380'

I ' swing " " 380'

5 '' fixed spans of 159' each.

The approaches to the spread span on the north side

:

East Railway Approach

:

1 deck-plate grirder skew span 90'

2 through plate girder skew spans of 53.5' each

I deck-plate girder skew span 41'

West Railway Approach :

I deck-plate girder skew span 71.5'

I through plate girder skew span of 43'
. it a u tc II It „Qi

I deck " " " " " 32'

The highway floor is on the upper chords of the

bridge. On the north side the approach consists of three

deck plate girder spans of 57.5 ft. each.

Steel bents are used to support all railway spans that

cross railway tracks of the Canadian Pacific Railway and

the Great Northern Railway ; and also the three highway

spans at the north end of the structure. The clear road-

way for both the railway and highway is 16 ft.

The approach on the south side is by means of a

wooden trestle crossing o\'er the Great Northern Railway

line, and makes all necessary connections.

In our issue of January 20th there appeared an article on
the Welland Ship Canal, in which it was stated that certain

excavation \vork had been done by "an 85-Ton Marion-
Osgood Shovel." .-\s the corporate name of Marion-Osgood
Company was some time ago changed to The Osgood Com-
pany, this should have rend "an 85-Ton Osgood Shoyol."
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IMPORTANT CANADIAN WATER POWER
QUESTIONS.

AT the recent meeting of the Commission of Conser-

vation, Mr. .\rthur V. White, consulting engineer

. to the Commission, reported, in part, as follows

concerning water interests of Canada. Last year's

annual report contains a comprehensive statement respect-

ing certain very important water problems with which

the Commission is especially concerned; as, for example,

the proposed development of power on the St. Lawrence

River at the Long Sault Rapids ; the unauthorized di-

version of water from the Great Lakes system by means

of the canal of the Sanitary District of Chicago ; and the

hydro-electric power developments at Niagara Falls.* A
brief reference may here be made to the present state of

affairs in connection with such problems.

Long Sault Rapids, St. Lawrence River.—As is

known, the Long Sault Development Company, of New
York, has had its charter, granted by the State of New
York, declared, by the governor and by the attorney-

general of the State, to be unconstitutional. The company
has filed application with the Supreme Court of the United

States, with the object of having its case reopened before

that tribunal, in order, if possible, to secure a re-establish-

ment of its status with respect to its former charter. It

was expected that the case would be tried at Washington,

D.C., in the October term of 191 5, however, it will

probably not come up for hearing until March, 1916. The
Commission of Conservation is keeping informed upon

this matter.

Water Diversion by Chicago.—The Sanitary District

of Chicago, it may be recalled, has been diverting from

the Great Lakes system into the Mississippi River, more
than double the quantitv of 4,167 cubic feet of water per

second—the amount authorized by permit of the United

States Secretary of War. The attorney-general of the

United States has brought a suit against the Sanitary

district, which action is being tried in the District Court

of Chicago.

This action has been referred to, by some persons in

the L^nited States, as a "friendly suit," the signification

of the phrase as thus used being: that inasmuch as it

was anticipated such suit would involve the taking of a

great deal of technical testimony, it was considered de-

sirable, in order to finally save time in the Supreme Court,

to develop the case and have the testimony submitted in

one of the lower courts and then, subsequently, the case

could be submitted largely in printed form for the con-

sideration of the higher court.

As the quantity of water, which is being diverted by
the Sanitary District, is avowedly a transgression of its

permit from the United States War Department, many
Canadians who have been interested in this matter have
been perplexed when trying to understand why it has
been necessary to develop such a prolonged and extensive

technical case, when the fimdamental fact at issue, viz.,

the diversion of the water in direct violation of the gov-
ernment permit authorizing same, is so outstanding a fact

that it can scarcely be made more cogent bv technical or

other special evidence.

With regard to the additional carrying capacity of

the newer canal, known as the Calumet-Cutoff, it has been
understood that the United States Secretary of War
authorized the construction of this new canal, subject to

the provision that as a result of such construction, the
total diversion of water through both the Chicago and
Calumet rivers together, should not be greater than would

* See T/ie Catjndiijii Engineer for February iith. 1915
page 23S.

otherwise be diverted, or become legal to divert, through
the Chicago River alone. In view of the fact that the

Chicago Drainage Canal has been designed so that, from

the physical standpoint, it could carry from two to three

times the quantity of water authorized by the permit of

the United States Secretary of War, it would appear that

there could scarcely be satisfactory justification for con-

structing a large additional channel like the new Calumet-

Cutoff. Once such large channels are actually constructed,

the requests for additional water may be expected to be-

come more and more insistent, or the water may even

again be taken in defiance of authority. Obviously there

will always be greater danger of having water diverted

with consequent danger to the interests entitled to use it

in its natural channels, than would be the case if channels

admitting of such diversion were not created. Conse-

quentlv the construction of such channels as the Calumet-

Cutoff can hardly be considered as other than a serious

additional menace.

Diversions from St. Croix River, New Brunswick.—
Speaking of diversions from boundary waters, it may be

stated that the Commission of Conservation, in 1915, had

brought to its attention an actual diversion of boundary

waters, without proper authority, on the St. Croix River,

which, as is known, constitutes, for a portion of its

length, the international boundary between the Province

of New Brunswick and the State of Maine.

Briefly stated, the facts are as follows: United

States financial interests controlling the St. Croix Paper

Company of the State of Maine, and operating through

two allied companies—one the St. Croix Water Power

Company, chartered in 1899 by special act of the Legisla-

ture of the State of Maine, and the Sprague's Falls Manu-

facturing Company, Limited, chartered in 1902 by special

act of tiie Parliament of Canada—secured control of the

two most valuable power sites on the St. Croix River; one

at Sprague's Falls, the other at Grand Falls. The electric

energy capable of development aggregates some 25,000

horse-power and is to be used entirely on the United States

side for the operation of pulp and paper mills located at

Woodland, Maine, where a thriving community, claiming

a population of 1,500 to 2,000 has, as a result of this

power, already been built up.

At Sprague's Falls the rated capacity of the power

plant is about 12,000 to 14,000 horse-power. .\nother

plant situated near Grand Falls, about ten miles above

Woodland, has recently been completed with an additional

rating of 12,000 to 14,000 horse-power, which is to bo

transmitted to W^oodland in order to increase the capacity

of the company's plant there located. It has been stated

that the property of the St. Croix Paper Company, ex-

clusive of their extensive timber holdings, represents an

investment of over 8:^,500,000. The average net earnings

of the company during recent years is stated to be over

$300,000 per annum.

Now, in order to develop this power at Grand Falls,

the company constructed a large canal lying, and extend-

ing for nearly a mile, entirely within the State of Maine.

By means of a dam erected across the international

boundarv at Grand Falls, an artificial lake has been

created so as to enable the water of the St. Croix River

to be diverted, by the canal, into the Ignited States for

the development of power at the Grand Falls power house,

.'^t its lower stages the total flow of the St. Croix River

—

an international boundary stream—will be diverted into

the United States.

The Commission of Conservation being requested to

report upon this diversion, the assistant to chairman, Mr.

James White, appeared before the International Joint

Commission and presented, on behalf of the Commission
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of Conservation, a memoraiuiuni objecting to tlie diver-

sion ; also requesting that tlie use of Canada's share of

the waters of the St. Croix River be only permitted on

such terms, including lime limit, as would ensure that the

Pro\ince of New Brunswick or the Dominion of Canada
would receive reasonable compensation for the use of

Canada's waters; and, further, that Canada's equity in

the waters, per se, be inalienably preserved.

The time will come when Canada will have uses for

her share of all such water powers. One element of

danper which the Commission of Conservation emphasized

in connection with the diversion of waters like those of

the St. Croix River into the United States, was that while

the International Boundary Waters Treaty contemplates

the possibility of certain "temporary" diversions, yet,

unless the terms and conditions of such temporary di-

versions are explicitly understood and specified, and means
taken to render the diversion only a "temporary" one
with respect to lime, there may be an effort later, on the

part of interested parties, to claim that the diversion had
resulted in the establishment of vested interests, and
should now be regarded as of a more or less permanent,
rather than a temporary character.

Niagara Power Development.—A year ago it was
pointed out in connection with power development that

a complex situation exists along the Niagara River, more
particularly in the vicinity of the Falls.

Attention was drawn to two Bills—the Cline Bill and
the Smith Bill—presented to the United States Congress,
both of which measures contain features which, if enacted
into law, would have an important effect upon Canadian
interests.

In last year's report attention was drawn to the
opinion delivered by the Public Service Commission of the
State of New York, and quoted the Commission as

representing

:

That there is a large shortage of electric power in western
New York, with a strong demand for greater supply which is

not being met by existing companies. . . . We are using
all the power made on the New York side, and all that has
been brought from Canada, and the demand for more power
in western New York is insistent and being urged with
great force.

And It' .vas also stated that it had been urged ; if the im-
portation, into the JInited States, of power from Canada
were prohibited it "wouldYnlainly amount to a great public

calamity."

.A.ll these facts indicate that the itime has arrived when
the strongest possible efforts will be maai,^. to secure more
and more use, for power purposes, of the w/aters of the
Niagara River.

In the United States there are a number ojf public
organizations already actively interested in securin^o- addi-

tional development of Niagara power.
The Joint Legislative \\'ater Power Investigai ing

Committee, appointed by the Legislature at Albany, undter

the chairmanship of Senator George F. Thompson, ha:s

recently (December, 1915) been holding power hearings

in New York City and elsewhere.

At these hearings, the president of the American Civic

Association, as reported in the daily press, stated that

"the 1 hompson committee were looking for testimony

which could be distorted into an excuse for a development
of vast importance to the city of Niagara Falls, at the

expense of the State and nation."

The Hydro-Electric Association of Niagara Falls has

been holding meetings and drafting proposed legislation

which, it is stated, will be presented to the New York
Legislature for approval earlv in 1916. This organization

seeks the use of the 4,400 cubic feet of water per second

available in the United States under the International

Huiuidary Waters Treaty, but which has not yet been

apportioned.

New York financial interests have had engineers ex-

ploiting and making representations to government de-

partments in the United Stales, respecting schemes for

the proposed development of power by means ol dams in

the lower Niagara River.

The Federal Light and Power Company, of Detroit,

it has been stated, have just secured a permit from the

United States Federal Government permitting the impor-

tation of Niagara power via Canada to Detroit.

Hearings respecting Niagara power have been held

before the United States House of Representatives Com-
mittee on Foreign Relations. Bills such, for example, as

the Smith Hill and the Cline Bill, have been under dis-

cussion by this important committee.

Hydro-Electric Power Commission of Ontario.—The
growing market for Niagara power in Canada is strikingly

emphasized by the success of the undertakings directed

by the Hydro-Electric Power Commission of Ontario.

Recently the chairman of the Commission, Sir Adam Beck,

in drawing attention to the fact that the government

transmission lines now carrying from Niagara a load of

110,000 horse-power, said that he could not help recalling

the time when the late premier, Sir James Whitney, told

him that "the Commission would not require 10,000 horse-

power. "
.'\s a matter of fact, the markets for the Com-

mission's power have developed so rapidly that the Com-
mission itself has been compelled, earlier than was antici-

pated, to seek diligently for new sources of power.

The chairman of the Corhmission has stated that

there can be made available some 6,000 to 6,500 cubic feet

of water per second out of the unappropriated portion of

the 36,000 cubic feet per second allotted to Canada under

the Boundary Waters Treaty. The Commission proposes

that this surplus be utilized by it under a head of some
300 to 305 feet, resulting, in round figures, in the develop-

ment of some 200,000 horse-power. The water would be

conveyed from the vicinity of Chippewa Creek to, and dis-

charged near, Queenston.

All the electric companies developing at Niagara

Falls have found that their market demands have ex-

ceeded their expectations. Over 100 Ontario munici-

palities are now supplied by the Hydro-Electric Power
Commission; and in January, 1916, another reduction was
made in electrical rates, resulting in the saving of from

3 to 20 per cent, to consumers in about 60 municipalities.

Rural customers—not necessarily meaning in every

case farmers, but rather small rural consumers—being

supplied, now number some 700 to 1,000.

Last fall the Hydro-Electric Commission placed in

operation its new plant at Eugenia Falls, Ontario, having

a possible capacity of 8,000 horse-power, half of which is

already installed. Ten or twelve municipalities are being

supplied from this plant. Other municipally owned plants

are to be constructed.

During the past year the first government-owned

electric railway in Canada, known as the London and Port

Stanley Railway, was placed in operation by the Com-
mission. A summary of the first half year's operation

ending December 31st, 1915, shows a gross revenue of

$145,737.84, a net expenditure for operating expenses and

fixed charges, etc., of $136,460.20, making the net earn-

ings for the half year of $10,277.64. Freight appears to

be the important factor in ensuring profitable returns for

such roads.

In the municipal elections held in January, 1916, all

the larger municipalities concerned, including the cities of

Toronto and London, passed a by-law involving a possible

expenditure of some $14,000,000 to proxide a government-
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owned systems of hydro-radial railw ays, the trunk hnc of

which will run from Toronto to London. Such railway

systems will require much additional power.

These facts just cited are offered by way of further

emphasizing the great economic importance to Canada of

power like that obtained from Niagara. The larger por-

tion of southwestern Ontario is now dependent for power
and lighting on the hydro-electric developments at

Xiagara.

Problems corresponding to those associated with

these Niagara developments, involving as they do the

question of the exportation of electrical energy, are of

vital importance to the whole Dominion, and are worthy
of the best statesmanship which Canada can bring to bear

upon them.

Investigation by International Joint Commission at

Lake of the Woods.—What is known as the Lake of the

Woods investigation is being conducted by the Interna-

tional Joint Commission, under the Boundary Waters
Treaty, of 1909, between Great Britain and the L'nited

States. The chief purpose of the investigation is to secure

the most advantageous use of the waters of the Lake of

the Woods and of the w-aters flowing into and from that

lake on each side of the boundary for domestic and sani-

tary purposes ; for navigation and transportation pur-

poses ; for fishing purposes, and for power and irrigation

purposes ; and also to secure the most advantageous use

of the shores and harbors of the lakes and the waters

flowing into and from the lake. This object is sought to

be attained by means of regulating the lake between cer-

tain desired and yet-to-be-determined levels.

Through the courtesy of the Commission of Conser-
vation, and upon request by the Canadian Commissioners
of the International Joint Commission, arrangements were
made for the writer to have whatever time would be neces-

sary to fully attend to the duties of this important

investigation.

The total area of the territory which drains its waters

into the Lake of the Woods is 26,750 square miles, of

which 15,565 square miles, or 58.2 per cent, are in

Canada, and 11,185 square miles, or 41.8 per cent., are

in the United States. Of this 26,750 square miles, 3,960
square miles, or 14.8 per cent., is water area, of which

70 per cent, is in Canada, and 30 per cent, in the L^nited

States.

Comparativeh' few persons have anv adequate appre-

ciation of the extent and value of the great inland water

resources of portions of Canada. In this connection a few

brief statements, having the Lake of the Woods water-

shed in mind, will doubtless be of interest.

The extent of the area of the Lake of the Woods
watershed, 26,750 square miles, ma}' be appreciated when
it is understood that it is only about 5 per cent, less than

the area of the Province of New Brunswick. It is greater

than the combined areas of the States of New Hampshire,
Massachusetts, Rhode Island, Connecticut and Delaware.
Its water surface, at 3,960 square miles, is, if we except

the Great Lakes system, larger? than the water area of any
individual State in the L'nited States ; the State of Minne-
sota being probably the nearest approach, with 3,824
square miles of water out of a total area for the .State of

84,682 square miles.

The area of the Lake of the \N'oods, including Shoal

Lake, with 107 square miles, is 1,485 square miles. The
area of Rainy Lake is 345 square miles.

The waters of the Lake of the Woods eventually dis-

charge into Hudson Bav. Important water power de-

velopment has already taken place at the outlet of the

Lake of the \^'ocds, and also on the Winnipeg River. .Ait

the outlet there are located the plants of the Lake of the

Woods Milling Company, having an installation of about

6,000 horse-power, and flour mills with a capacity of 9,000
barrels per day. The municipality of Kenora has a power
plant at the outlet of the Lake of the Woods, which has

an installed capacity of about 3,(')00 horse-power.

On the Winnipeg River at the present time, below

the outlet of the Lake of the Woods, there is an installa-

tion of about 75,000 horse-power. It has been stated that

there is about 290 feet of utilizable fall between the Lake
of the Woods and the Winnipeg River with a potentiality

under controlled outtlow, exceeding 400,000 horse-power.

In order to convey some idea of the volume of water

corresponding even to one foot of depth on some of these

lakes, it may be stated that on the Lake of the Woods a

depth of one foot is equivalent to 41.4 billion cubic feet,

while the corresponding volume for one foot of depth on

Rainy Lake is 9.6 billion cubic feet. Speaking in other

terms, a depth of one foot on the Lake of the Woods
would supply 1,313 cubic feet per second for one year,

while one foot depth on Rainy Lake would supply 305
cubic feet per second for the same period.

It will be perceived, therefore, how the storing of the

run-off from the Lake of the Woods watershed in Rainy

Lake, Lake of the Woods and elsewhere, may be made
to exert a marked beneficial influence upon water powers

receiving supply from this watershed. The International

Joint Commission, in making its recommendations respect-

ing a proposed regulation of the Lake of the Woods, will

consider the advantage which would result to power in-

terests, and also take into account any disadvantages that

may result to riparian owners living in the State of Minne-

sota or elsewhere, whose lands, bordering on the lake,

may, under certain regulation of levels, be subjected to

damage by flooding.

Lake Winnipeg is one of the lakes lying upon the

water course which connects Lake of the W^oods with

Hudson Bay. As stated, comparatively few people ap-

preciate the extent of some of these waters, and are sur-

prised when, for example, they are informed that Lake
Winnipeg has an area of some 9,400 square miles, which

is about 2,000 square miles larger than the area of Lake
Ontario.

Water Powers in British Columbia.—Although we
have not been able to complete the report relating tu the

water powers of British Columbia, upon which we have

been engaged, nevertheless all possible effort has been,

and is being bestowed upon this work. It may not be

amiss to remark that the other work, which has neces-

sarily taken so large a part of our time, involves matters

of great national importance, and which affect all the

provinces of Canada.

With the continued kind co-operation of various gov-

ernment organizations which have hitherto greatly assisted

by contributing data, it is planned that the hydrographic

data shall, wherever possible, be brought up to the end

of 191 5. It will be appreciated, therefore, that while the

British Columbia report has necessarily been delayed, it

will be up to date when published, and it is believed that

when the report is issued it will be of considerably more
permanent reference value than could otherwise have been

the case.

The Alaska Enprineerinsr Commission has completed the

new water system at Anchorage, ending a water shortage

which began with the freeze-up last November. During ibe

shortage merchants and householders paid a dollar a barrel

for water taken from holes chopped in the ice on Ship Creek
and water peddlers sold the precious fluid at 15 rents a

bucket.
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OILING 01 HARTH ROADS.*

By U. H. Piepiiieier,

Maintenance Engineer, Illinois State Highway Department.

THE oiling of earth roads has been practised on
a small scale in a number of places for the past

fifteen years. California has done more of this

work than any other state, primarily on account
of its natural resources and climatic conditions. It has
used a large amount of oil and has successfully main-
tained many of its roads by this method, largely on
account of the oil that is available at a very low cost,

and also on account of the sandy condition of the soil

and the light winters that prevail.

All localities cannot expect to accomplish the same
results in oiling earth roads. The black, loamy soil, the

low and poorly drained conditions of many roads, to-

gether with the severe winters and springs, make it a
fallacy to expect anything like a permanent road to

result from the use of road oil.

It should be kept in mind that continued oiling will

not make an earth road entirely satisfactory for all

localities or for all conditions of traffic. The oiling of
earth roads, like dragging, is a maintenance proposition.

The intelligent u.se of oil, like the continued use of the
road-drag, will maintain the earth road so that it will

materially improve the present conditions existing on
many of the earth roads.

The oiling of earth roads should not be practised pro-
miscuously, but used only where the roads are suited to

such work. The intelligent use of oils on many earth roads
is unquestionably a justifiable expense. It is the pur-
pose of the following to present as many facts concerning
the use of oil as it is possible to secure at this time

;

also to describe what is shown by experience to be the
best method of preparing the road and applying the oil,

together with a few suggestions that may be of some
assistance to the contractor or individual who has such
work under consideration.

The Selection of Roads for Oiling—Roads should
not be oiled until they have a permanently established
grade ; that is, all hills should be cut down, hollows
filled, embankments widened, and all drainage structures
established. Low, flat, undrained roads should not be
oiled until proper drainage has been attended to. The
oiling of a mudhole will not remedy the trouble, but
often aggravates it.

Roads that have a preponderance of heavy hauling
should not be selected for oiling. The oiling tends to
waterproof the road, but it is readily understood that
continued heavy hauling, even on perfectly dry earth
roads, will eventually rut and dig them out in pot holes.

The mixture of oil and earth lacks stability to meet all

the requirements of trafllic. If something could be mixed
with the oil and earth to give it stability and aid it to

resist the wear of traflic, it would more nearly meet all

traffic conditions.

On moderately travelled roads where there is a

greater amount of pleasure travel, the oiled earth roads
will give better service.

The Purpose of Oiling.— It should be kept in mind
that the main purpose of oiling earth roads is to sup-
press the dust and aid in maintaining a smooth and
waterproof surface. If ii is possible to prevent dust from

•Extracts from Bulletin No. 11, Illinois State Highway
Department.

forming, the surface <A the road will remain mucli

smoother and there will be less mud form during rainy

weather. Hy reducing the mud nuisance it is possible

to use the road a larger portion of the year. By keeping

the smface of an earth road smooth, the trallic is dis-

tributed more uniformly over the road, thereby making
it wear much longer. The suppression of the dust not

only makes the road wear longer, but prevents a portion

of the road from blowing into the adjoining fields,

washing away, etc. The oil also prevents the encroach-

ment of weeds and sod upon the travelled portion of the

highway, thus improving the appearance and producing

a more thoroughly compacted road.

The suppression of dust makes an earth road more
sanitary and desirable for pleasure traffic. The expense
of oiling many roads is in many cases justifiable from
the standpoint of the increased comfort to pleasure

drivers.

A road that is oiled systematically for a series of

years gradually acquires an oil-soaked crust which is

more or less impervious to water. The heavy oil-soaked

crust, however, will rut if the traffic is not distributed

uniformly over the road and it will break through during

the continued freezing and thawing of a severe winter

and spring. This is particularly true if the road is used

by heavy traffic. However, when such roads rut and
cut through, they may be reshaped by use of the road-

drag at a very slight expense.

The purpose of the oiled earth road, therefore, is

not to replace what is generally recognized as a hard-

surfaced road, but to keep the moderately travelled earth

road in a suitable condition for ordinary traffic a larger

portion of the year.

Preparation of the Earth Road.—The mistake is

often made of attempting to improve a road without first

grading and draining it. When a road is graded for

oiling, gravelling, or any other form of surfacing, a

permanent grade line should be established. Money spent

in properly grading an earth road is not wasted, but has
practically its full value when such a road is designated

for later improvements. The great advantage of estab-

lishing a permanent grade and cross-section before the

road is oiled is to utilize the oil soaked crust of earth

as a foundation for later improvements, such as gravel,

stone, brick or other hard road surfaces. If oil, gravel,

or other surfacing material is applied to an improperly
graded road, a very large portion of the material will be

disturbed and practically wasted when later improvements
are demanded. In other words, any money that is spent

upon the public highways should be spent with a view
of further improvements that will naturally be required

as traffic increases.

The Road Surface Preparatory to Oiling.—As the

prime objects of oiling an earth road .ue the suppression

of the dust and the maintaining of a smooth waterproof
surface, it is very important that the road surface be

oiled when it is smooth, free from dust, and in a con-

dition to absorb the oil.

Oil applied on dust will not penetrate the road sur-

face, but will merely mix with the loose material to make
an oiled-dust surface that is apt to fly readily and be-

come a nuisance. The surface should be perfectly smooth
and free from low places that will retain water. If water

is allowed to stand upon an oiled earth surface, a bad
mud hole will soon result. A moist subsoil preparatory

to oiling is not serious, though best results may be

expected when the road is reasonably dry for about two
inches on the surface.
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Applying Oil.—After the road has been prepared as

heretofore described, the oil should be applied at the

rate of one-fourth to one-half gallon per square yard

of surface. If the road has never been oiled, or if more

than a season has elapsed since a previous oiling, it will

be found that about one-half gallon per square yard will

be required. If the road or street has been oiled regu-

larly, one-fourth to one-third gallon per square yard will

usually be satisfactory. It is much better to apply a

small amount of oil twice each season rather than to

put on the full quantity in one application. When too

much oil is applied, it is not only wasted, but is often

very disagreeable to traffic.

.\fter a road has been oiled for several years, one

light application each year may be sufficient, or at least

equal in results to two applications per year on a new-

oiled road.

The time for oiling will necessarily vary consider-

ably, depending upon the season. Favorable times for

applying the oil will be about April and September.

The uniform distribution of the material is one of

the essential requirements for success. An ordinary

street sprinkler or a home-made device attached to a

thresher tank wagon or similar tank may be utilized for

distributing the oil. An expert using such equipment

can ordinarily get the required amount of oil on the road

rather uniformly. Much better results, however, can be

secured by the use of some specially designed apparatus

made for the purpose, such as pressure distributor tank

wagons.

There are a number of specially designed pressure

distributing wagons on the market that vary in the price

from $400 to $6,000. The horse-drawn distributors have

a capacity of from 450 to 600 gallons and can be pur-

chased at from S400 to $600. Such distributors are

usually equipped with some form of heating device so

that hot oil may be applied when required.

Some of the auto distributors hold 1,000 gallons

and are equipped with oil heaters for heating the oil

quickly; also, special oil pumps for filling the distributor

and for spraying the oil upon the road in the desired

quantities. Such trucks cost from $5,000 to $6,000

complete.

Shipping and Handling Oil.—Road oil is usually

shipped in 8,000 or 10,000 gallon tank cars. Some com-

panies are able to furnish 4,000 and 6,000 gallon tank

cars, but such cars are very few and usually hard to get.

The railroad tank cars are equipped with steam heating

coils so the material may be heated in the tank by

attaching a steam pipe or hose. Small quantities of oil

may be purchased in molasses barrels, but when de-

livered in barrels there will be an additional cost of two

to three cents per gallon. The tight barrels will ordi-

narily hold about 50 gallons. If the barrels are handled

with care they can be sold at 50 to 65 cents each when
empty. Heavy oil shipped in this manner is usually very

difficult to remove from the barrels. In such cases the

barrels are dumped into an open heating kettle and

broken. After the oil is warm the staves and hoops

may be removed by a large hoe or rake and used as

kindling. The hot oil can be pumped from the heating

kettles to the distributor and, while still hot, applied

on the road.

Where there is no heating kettle on the job and

there are but a few barrels of heavy oil to apply, they

may be emptied direct into the distributing wagon by

first placing the barrels in a very warm room or close

to a fire for several hours.

Where there is but a small quantity of oil desired,

say, 3,000 or 4,000 gallons, it is usually cheaper and

much more economically handled if shipped in a large

tank car. Freight will have to be paid on a full tank

car of 8,000 or 10,000 gallons, but this will ordinarily

be compensated for by the saving in barrels and in the

economy effected in handling the oil on the job.

Pumping Oil,—There are a number of special oil

pumps on the market that can be purchased at from

$15 to $30 that will readily pump hot or cold oil. The
rotary pimip is the one most commonly used. It may
be driven by a gasoline engine or a steam engine, in case

the latter is needed at the tank car for supplying steam

heat. A i J^-inch or 2-inch rotary pump will fill a 600-

gallon distributor in from ten to fifteen minutes.

The ordinary water tank pump may be used for

pumping cold oil. A 2-inch suction tank pump will fill

a 600-gallon tank in 30 to 40 minutes. Such pumps

cannot be used for hot oil, as it will soon burn out the

valves.

.All of the above-named pumps work best attached

to the bottom of the railroad tank car by means of a

hose or pipe. However, it is well to eliminate hose con-

nections as much as possible as some oils and tars eat

them out very rapidly.

A 3-inch or 4-inch lift pump may be used to an

advantage in pumping oils. Such pumps are set in the

tank car at the top, and one man will readily pump a

600-gallon tank in 20 minutes. This kind of pump can

be purchased for $20 to $25. It has many advantages,

as there is no mechanical power needed nor any pipe

or hose connections.

After the pump is connected at the bottom of the

tank car and everything is ready to receive the oil, the

cap on the dome of the car should be unscrewed and

the discharge valve opened from the inside. This valve

has a stem projecting up to the dome. It is well to have

a cut-off valve in the hose' or pipe connection at the

bottom so the tank car valve may be left open during

the day that oil is being used.

If there is an elevated siding or switch eight or ten

feet high at the station, the tank can be spotted thereon

and the oil allowed to flow by gravity into the dis-

tributing wagon from the tap in the bottom of the

tank car.

Heating Oil.—Where oil must be heated before

being applied, it is often convenient to spot the car on

a spur near some steam plant, such as a mill, creamerv',

or electric light plant, ^^'here such arrangements can

be made, a 3^-inch or i-inch steam pipe line may be

connected from the plant to the tank car. If no steam

plant is accessible, an ordinary steam tractor or roller

can be connected with the tank car. Where a steam

connection is made for supplying the heat, from 12 to

24 hours are required to bring the oil up to i-;o to 175

degrees F., which is about the maximum temperature

that can be reached with the steam heat. This tempera-

ture will permit the oil to be pumped readily. Its tem-

perature may then be increased the desired amount in

the distributor.

The steam connection with the tank car is made

at one of the 2-inch pipes that projects beneath the tank :

the other 2-inch pipe that projects should be supplied

with a valve so the amount of steam passing through

the coils may be regulated.
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It is advisable to have a thermomeler on llie job

so that the temperature of the hot oil may be tested

lrt>m time to time.

Some roati oils have a very lo\\- Hash point, and
extreme care should be taken to prevent any oil from
coming into contact with a flame. An analysis of an oil

always shows the flash point, so it is well to kee|) the

temperature somewhat lower to prevent burnins^ and to

be on the safe side.

rhe presence of a slight amount of water in heating

oil will cause the oil to foam and give a great deal of

trouble. Where the oil tends to foam it should be heated
very slowly. In such cases every precaution should be
taken to prevent accidents.

Sanding Oil Surfaces.—Better results can be secured
from sanding the road slightly after either hot or cold

oil has been applied. Clean, hard sand is mu<h better

on a road surface than dust or the sweepings from the

road. A hot oil application should be followed with a

light dressing of sand, or the traffic will likely pick up
the oil and make the surface of the road very uneven.
Sand may be applied at the rate of one cubic yard to

each IOC to 150 square yards of road surface. It may
be applied by shovels from a wagon or from a special

apparatus for distributing the sand.

The application of sand gives an oiled earth surface

more stability. The sand retains the oil, assists in pre-

venting wear, and aids in keeping down the dust. The
light application of sand is a justifiable expense on a

majority of oiled earth roads.

Oiling Sandy Roads.—There are many sections of

roads that are very sandy and have to be handled dif-

ierently than the ordinary earth road. Where it is pos-
sible to mix clay or loam with the top four or five inches
of sand before oiling, much better results may be ex-

pected. A suitable clay or loam can usually be secured
at a reasonable distance from the sandy section. Where -

possible the sand and clay should be thoroughly mixed
and allowed to compact under traffic before the oil is

applied. The sand-clay road will permit a slightly

heavier oil than the ordinary earth road.

If there is no clay or loam within reasonable distance
of the sand road, it may be materially improved by
mixing a heavy oil (70 to 90 per cent, asphaltic product)
with four or five inches of the top layer of sand. This
can best be done by applying about three-fourths gallon
of oil and then covering it with about one inch of the
sandy soil from the road side, then applying about one-
half gallon of oil and another layer of sand. By building
up successive layers of oil and sand it is possible to get
from one and one-half to two gallons of oil per square
yard of surface. This amount of oil mixed with four or
five inches of the sandy soil will form a solid oil and
sand crust that will hold up light traflfic. The cost of
such applications will vary from $800 to $1,500 per mile
of road fifteen feet wide.

The cost of applying a four or five-inch layer of clay
or loam that may be secured within one mile of the road,
and mixing it with the sand, will be about the same. It

is generally recognized that the mixture of sand and
clay is more serviceable than the mixture of oil and sand.

The Cost of Surface Oiling.—The cost of preparing
a public road for an oil treatment may vary from $100
to $2,000 per mile. However, the grading and prepara-
tion of an earth road should not be charged .igainst the
cost of oiling. The oiling or dragging of an earth road
is a maintenance proposition and should be estimated

separately from the building or preparing of the road.

The road should be kept well shaped regardless of

whether it is to be oiled or not. However, some cleaning

is almost always necessary prior to the first application

of oil, aiul this cost will vary from $25 to $50 per mile

of road.

Road oil can be purchased for from three to seven

cents per gallon, depending upon the quality. It may
be applied on the surface of the road at the rate of one-

fourth to one-half gallon per square yard. So the cost

of oil alone may vary from $75 to $275 per mile of road

15 feet w^ide, depending upon the quality and quantity

of oil applied.

The cost of applying the oil will vary, depending

upon the length of haul and the kind of equipment used.

This cost may be estimated at from $50 to $150 per mile

of road 1 5 feet wide.

The above figures show the cost of oiling to vary

from $150 to $475 per mile of road. With average con-

ditions and with a medium priced oil, the average cost

of oiling alone per application may be from $200 to $250
per mile of road 15 feet wide.

It is understood that the above figures are only an
approximate estimate. A complete record of the cost

of oiling, together with the quality and quantity of oil

used each year over a period of years is not available.

The above figures, however, are based on the best infor-

mation available in this and other similar states.

It is predicted by some enthusiastic users that a

road will not require oiling after it has been oiled for

two or three years and the surface has become thoroughly

saturated w'ith the oil. The writer has visited some
twenty diiTerent towns that have oiled their streets for

a period of more than five years, and the present con-

dition of such streets indicates that the oiling will have

to be repeated each year indefinitely to secure the desired

results. The quality or quantity of oil used in the

twenty towns referred to is not known. It may be that

if a high grade of asphaltic oil is used that some annual

applications may be omitted after a few years of treat-

ment. With the best oil, however, it is hardly expected

that more than one year could elapse w'ithout some
attention.

Some experiments have been made along the line

of thoroughly saturating the top six inches of earth and

then compacting it with a petrolithic roller. The satu-

rating of the earth with the first application of two and

one-half to three gallons of oil was intended to resemble

somewhat the continual oiling of the surface over a

period of four or five years. The experiments referred

to were made in 1908 and 1909 on three different sections

of road of one-half to three-fourths of a mile in length.

Two of the sections were considered failures, and were
within three years covered with a more desirable wearing

surface. The third section still remains ; however, it

shows very few signs of having such a treatment. This

section seems to rut in the winter and spring almost as

badly as the other portion of the road; in midsummer
the surface of the road pulverizes and forms a dust that

flies almost the same as dust from other f)ortions of

the road.

In view of all the information that is available on

oiled earth roads, indications are that the treatments

must be made each year, or at least every other year,

to get the desired results. On this basis, $150 to $200

per year for five to ten years may be a basis for esti-

mating the cost of surface oiling.
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THE DEVELOPMENT OF BRITISH COLUMBIA.

Lack of space in this issue precludes more than a

cursory review of Mr. Gamble's address to the members
of the Canadian Society of Civil Engineers assembled in

Montreal last week. It is doubtful if the Province of

Hritish Columbia has in course of preparation, or already

in its archives, a more interesting historical sketch of the

growth of its transportation facilities. It is unlikely that

the subject has previously received more thorough con-

sideration and study than the retiring president of the

Society must have given it in the preparation of his paper.

He has enriched the literature of engineering by a volume
of information that will be frequently turned to in future

years, not only by his associates in the profession, but by

many in other walks of life. His address is a most com-
prehensive resume of the development, by land and sea,

of transportation in British Columbia, and of the industries

encouraged and increased thereby.

Mr. Gamble "goes back to the first," and his history

of early days, earlier traditions and stories or hardship

and ad\enture are in all probability as authoritative as

they are interesting. His portrayal of the white man's
awakening of inland solitudes, in search of the livelihood

the world owed him, when roads were trails and railways

were a myth, is indicative of the optimism and perse-

verance that have been potent factors in the development

of the West. His references to early freight rates of 15

to 18 cents per pound between Yale and Barkerville, to

hay as high as $250 per ton and oats 35 cents per pound,

signify that in 1867, as now, money in British Columbia
persisted in having its say.

He deals with Pacific transportation in its initial

stages, reviving our knowledge of the achievements of

early navigators and explorers along the coast, notably

Capt. Bering in 1741, Joan Perez in 1774, Capt. Jas.

Cook in 1778, Capt. George \'ancouver in 1792 and

.\lexander MacKenzie, who crossed the continent, reach-

ing the coast in July, 1790. The establishment of trading

posts by the Hudson's Bay Company, of Forts Vancouver
and Victoria ; the introduction into Pacific waters of the

first steam vessel "Beaver" in 1836; the dangers to ship-

ping along the treacherous coast and the establishment

and growth of the present excellent system of safeguards

to navigation, are subjects of extreme interest. The de-

velopment within the province of the various railway

systems and of coastal and oceanbound commerce is pre-

sented and, unconsciously perhaps, the manner of its

presentation following a brief reference to the remarkable

resources of the province is a thorough justification of the

rapid expansion of facilities to trade and commerce in

British Columbia.

CANADIAN WATER POWERS FOR CANADIAN
NEEDS.

As one of the wealthiest countries of the world in

water power resources, it is natural that Canada holds

the attention of other countries as to the manner in which

her water interests are investigated, controlled and

utilized. We have made frequent reference in The Cana-

dian Engineer to the extensive investigations of hydro-

g^raphic and hydrologic nature that have been under way

during recent years in practically every province. Too
much attention cannot be called to the valuable work of

the engineers of the Water Power Branch, Department
of the Interior ; the Cotnmission of Conservation, Canada

;

the Hydro-Electric Power Commission of Ontario ; the

International Joint Commission ; the Quebec Streams
Commission and the Xova Scotia Water Power Commis-
sion. To a certain extent the enormous amount of water
power data which these organizations have accumulated
toward the economic development and proper utilization

of power, is a measure of what is being done by them for

the direct benefit of the nation. Study and observation
are unending, however, and increase in scope and re-

sponsibility with each succeeding year. Progress is slow,

as stream flow data are necessarily years in attaining de-

pendable value. Further, there are always questions

demanding prompt attention regarding the water interests

of the country, requiring, perhaps, special and detailed

in\estigations ; inquiries from individuals, corporations,

government departments or from the governments of other
countries, often demanding an intensity of research not

anticipated by the applicant.

The report of Arthur \'. White, consulting engineer

to the Commission of Conservation, calls our attention to

the administration of some very important problems at

the present time. Presented at the recent annual meeting
of the Commission in Ottawa, this report, which appears
in part elsewhere in this issue, brings out a phase of water-
power investigation which men are often apt to forget

—

the safeguarding to Canada of water power resources that

are Canadian. Many of the questions referred to are those

relating to waters along the boundary between Canada
and the L^nited States. It is worthy of note that these

questions of international importance, upon a subject that

is commanding great attention in both countries, are

being, one by one, settled to the general satisfaction of

both. The International Joint Commission is rendering

a great service to the English-speaking nations of

.\merica, a service that will not be fully appreciated in

a single decade or generation.

The same applies to the other forces mentioned above.

Their work is highly important, for while Mr. W'hite

points out that the time will come when Canada will have

uses for her share of all boundary water powers, the time

will also come when there will be use for all her water

powers. To safeguard them against incompetent and
improper methods of utilization should be the aim of one

and all.

NIAGARA RIVER POLLUTION.

The report of the International Joint Commission
concerning the pollution of boundary waters will be pre-

sented this spring, in all probability. Investigations have

been under way for several years, references to which

have appeared from time to time in these columns. The
findings and recommendations of the Commission with

respect to the Niagara River will be awaited with much
interest. .'\t Niagara Falls, Ont., for instance, there are

four sewer outlets, all of them discharging into the river.

They are at Bender, Seneca, Park and Orchard Streets.

It is to be expected,, therefore, that a considerable re-

adjustment of the city's disposal system may be required.
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It is to bi' oxpcttcil, therefore, that a considerable re-

collect the discharges from the Seneca, Park and Orchard

outlets and to convey the sewage to a projected disposal

plant, presumably near the Orchard Street outlet. This

plant would consist of sludge beds, sedimentation tanks

and chlorinating apparatus. The Bender Street outlet is

too low to discharge its sewage into such an interceptor

as the one suggested, and a small disposal plant may be

required at its terminus. If the large intercepting sewer

is recommended and constructed it will probably be a mile

or more in length, with the large disposal plant in the

vicinity of the Whirlpool Rapids. The interceptor will

necessarily have a heavy gradient and may be not inore

than three feet in diameter.

Of course, no work of this nature will be undertaken

before the Commission makes its report, but it is probable

that the city will be required to go ahead with some such

scheme as soon as the report has been made.

The Niagara River water pollution question involves

also the towns of Fort Erie and Bridgeburg, on the

Canadian side, as well as a number of towns and cities

bordering the river in New York State. All of these

municipalities will be effected by the recommendations of

the Commission and in all probability adequate means to

put an end to river pollution will be required in each case,

similar to that described above.

ESTIMATES OF MATERIAL AND HAULAGE
COSTS FOR GRAVEL ROADS.

Some useful tables relating to the matter of esti-

mating both hauling cost and material quantities for

graxel road construction appear below. The figures are

derived from actual results recorded on many different

projects and in different localities by the Iowa State High-
way Commission. Some items of cost, as of the price of

sand and gravel available, freight charges, expense of

labor and teams, will vary to a certain extent in different

localities, but nevertheless the tables will be of great help

in striking a general average close enough for an intelli-

gent estimate.

Table I.—Number of Linear Feet of 9=ft. Road a Load of

a Given Size Should Cover for Various Loose Depths.
Weight of load

Lime- Size
Granite, stone, of load, Length spread for loose depth in inches,

lb. lb. cu. yd. 3-in. 4-in. 5-in. 6-in.

2,800 2,500 I 12 ft. 9 ft. 7.2 ft. 6 ft.

3.500 3,125 I'l 15 ft. 11.25 ft. 9 ft. 7.5 ft.

4,200 3,750 1I2 18 ft. 13.5 ft. 10.8 ft. 9 ft.

4,900 4,375 134: 21 ft. 15.75 ft. 12.6 ft. 10.5 ft.

5,600 5,000 2 24 ft. 18 ft. 14.4 ft. 12 ft.

6,300 5,625 2}{_ 27 ft. 20.25 ft. 16.2 ft. 13.5 ft.

7,000 6,250 2j4 30 ft. 22.5 ft. 18 ft. 15 ft.

7,700 6,875 23| 33 ft. 24.75 ft. 19.8 ft. 16.5 ft.

8,400 7,500 3 36 ft. 27 ft. 21.6 ft. 18 ft.

Table II.—Number of Cubic Yards of Material Per Mile to

Make Given Loose Depth for Various Widths of Road.
Width of surfacing

Depth of loose material g-ft. 14-ft. i5*ft. i6-ft. 18-ft.

in inches. Cu. yd. Cu. yd. Cu. yd. Cu. yd. Cu. yd.

I J^-in. (screenings i8o 280 300 325 367
3-'n 440 684 733 782 880
4-"n 587 913 979 1.043 1. 174
5-;n 734 1. 141 1.222 1,304 1,468
6-in 880 1,369 1,466 1,565 1,760
Sq. yds. of surface

per mile 5,280 8,213 8,800 9,387 10,560

Knowing the cost of gravel in any community, the

cost of the material for the road can be easily determined.

The cost of hauling the gravel varies also between rather

wide limits but the following may be considered as

average prices where teams cost forty cents per hour and

where ordinary earth roads are hauled over

;

Table III.—Average Cost for Hauling Gravel Based on 40

Cents an Hour for Teams.
Length of average haul. Cost per cu. yd.

One-quarter mile 21 cents

One-half mile 28 "

One mile 40
Two miles 63

Three miles 86

SYPHON LOCK ON BARGE CANAL.

Till'; New York State Barge Canal is an interesting

piece of engineering construction with many
features that are noteworthy in a comparison with

the Panama Canal, the Welland Ship Canal, and

others of similar rank. On it there are 440 miles of con-

structed canals and 350 miles of intervening natural

waterways. There are 57 locks, with one flight of five

locks in a distance of 1 yi miles near Waterford, N.Y.,

the latter providing a lift of 169 feet.

The works in their original state date back to 1817,

when the original Erie Canal and the old Champlain Canal

were both commenced. The Oswego Canal was begun in

1825 and the original Cayuga and Seneca Canal in the

following year. Enlargements have been made from time

to time in these canals until in 1905 the four were incor-

porated into the Barge Canal system, and since that time

a canalization of numerous lakes and rivers has been

Fig. 1.—Diagram Showing Method of Operating
Syphon Lock.

under way. The present design provides a channel 200

feet wide and 12 feet deep through rivers and lakes, and

land lines of 75 feet bed width and 125 feet width at water

line, and of 12 feet depth. There is a clearance of 15^
feet between vi'ater-line and bridges, etc.

Among the many interesting features throughout its

length, there is, at Oswego, N.Y., a syphon lock of par-

ticularly notable design. It is the only lock on the system

employing the syphon principle. Fig. i, for which we
are indebted to the General Electric Company, is a

diagram illustrating the method of operating this syphon

lock. The flow of water is started in the syphon by means
of tanks. To perform an operation the tank is first filled

with water, then the intake valve is closed and the outlet

valve opened. There results a body of water suspended

by its weight, but tending to escape into the lower pool,

thus producing the necessary vacuum. On opening the

air valve, air from the syphon rushes into the vacuum and

water begins flowing over the crest.
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Stratford, Ont.—Mr. John Roger, county road en-

gineer, reports a total expenditure in the county of Kent
last year of $26,884.

Chatham, Ont.— llie need of a county good roads

system was voiced at a recent meeting of the county

council and the matter received considerable discussion in

view of the participation by the government in the cost

of construction and maintenance under the new Highways
Act, which came into force on January i8th.

Montreal, Que.—The board of control is considering

a recommendation involving the construction of a barrier

to prevent water from the St. Lawrence River backing
up into the Little St. Pierre River, referred to in another
paragraph. The proposal includes also the construction

of a pump house and the total cost is placed at $120,000.

Guelph, Ont.—The annual report on county roads
shows an expenditure last year, under the Highway Im-
provement Act, of about $25,000, of which about 25 per
cent, was for bridges. The superintendent recommends
the use of road oil on these county roads, as it has been
found in Wellington to give good satisfaction.

Victoria, B.C.—Construction is now in progress on
the Patricia Bay branch of the C.N.R. on Vancouver
Island. Plans have been prepared for car ferry slips and
docks at Patricia Bav for the transfer of passengers and
freight from the mainland, and it is expected that a start

will soon be made on the construction of terminal facilities.

Toronto, Ont.—In a recent interview Mayor Church
intimated that the city would be willing to bear its share
of the cost of an improved highway from Toronto to Lake
Simcoe. A proposal is under.way to extend the scope of

the York County Highwa} Commission to include the
roads of North York, and this main thoroughfare is re-

ceiving paramount attention.

Belleville, Ont.—.Vccording to the annual report of

Mr. J. VV. Evans, city engineer, 11,771 sq. ft. of sidewalk
was constructed during 191 5 at a cost of 35c. per sq. ft.,

including cost of labor, material and rent of concrete
mixer. New pavements were laid on Florin Street and
\'ictoria Avenue and about 24,000 sq. yds. of macadam
were laid on various streets.

Moncton, N.B.—The Intercolonial Railway manage-
ment has been working on a project involving a division

between telegraph lines for railway use and commercial
purposes, the desire being to obtain exclusive use of its

own lines for railway business. The work has been under
way for over a year, and it is expected that the new ar-

rangement will be completed in a few weeks.

Edmonton, Alta.—The Edmonton, Dunvegan and
British Columbia Railway, the head office of which is

located in this city, announces that the main line reached
Spirit River on January 22nd, this completing for the time
being the main line programme of the company and con-
necting Spirit River and Edmonton by '357 miles of rail-

way. Construction will now be proceeded with on the

Grande Prairie branch, which leaves the main line near
Spirit River. Steel is expected to reach Grande Prairie

City in March.

Victoria, B.C.—Steel work has been completed for

the new observatory which the Dominion Government is

constructing on Little Saanich Mountain. Mr. C. H.
Topp is in charge of the work. The building will house
a 70-inch telescope, expected to be delivered not later

than June, and the structure will likely be completed by

that time. Water mains will be laid to the top of the

mountain during the next few months and the road lead-

ing thereto will be resurfaced early in the spring.

Vancouver, B.C.—The annual report of the Van-
couver and Districts Joint Sewerage Board shows an ex-

penditure of about $787,600 on trunk sewers in Burrard
Peninsula during 1915. The sewer accounts were made
up of the following items : Brunette River improvement,

$17,640; Balaclava trunk sewer, $129,449; Bridge Street

sewer, $40,750 ; Central Park sewer, $565 ; China and
Canoe Creek sewer, $69,297; China Creek extension,

$187,886; Clark Drive sewer, $212,304; Clark Drive
sewer. No. 2, $56,038; Hastings Park sewer, $66,987;
Kaye Road sewer, $126; general plant and stores, $578.

Montreal, Que.—A report has been submitted con-

cerning the conversion of St. Pierre River into a covered

sewer. The board of control has the matter at present

under consideration. This small river rises in Cote St.

Luc and empties into the St. Lawrence below the city

waterworks. It receives sanitary and storm sewage from
the municipalities of Lachine, Ville St. Pierre, Montreal
West, and Government properties, etc., and also waste
water from the Lachine Canal. With the exception of

about 700 ft. already covered, it is practically an open
sewer. The report of the investigating commission
recommends a project estimated to cost $610,000.

Ottawa, Ont.— It is expected that the International

Joint Commission will conclude at least two very im-
portant investigations before the close of the present year.

These are the extent and prevention of pollution of inter-

national waters and the effects of power development upon
the level of the Lake of the Woods and tributary waters.

Upon this latter question the commission has done an im-

mense amount of investigatory work and is now in

possession of detailed reports and of a large amount of

data bearing upon the effects of lake and river levels.

Meetings were held recently at Detroit and Winnipeg for

the discussion of this important question.

Montreal, Que.—The following is an extract from the

recent address of Mr. G. F. Benson, retiring president of

the Montreal Board of Trade: "I would particularly call

attention to the matter of the opposition of the Canadian
Society of Civil Engineers to the present aqueduct scheme
and the letter sent by our council to the Board of Commis-
sioners. This is a question that I think needs the very

careful attention of your new council, and of the members
of this board. The statement is made that as a scheme
for the development of power by the city, the enlargement

of the aqueduct, as now proposed, is not an economic
commercial proposition. It would seem to be leading to

a cost of development that will greatly exceed that of any
modern hydro-electric development, and the figures would
indicate that it will result in a cost per horse-power to

the city higher even than the cost of development by steam
power, and considerably higher than the present contract

price that the city is now paying for electric power. The
question also arises as to whether it is in any case wise

to make the city dependent upon one source of hydro-

electric power, in view of the well-known troubles from
frazil and backwater during the winter season, referred

to in the letter addressed by vour council to the Board of

Commissioners. '

'

INDEX TO VOLUME 29.

The index to volume 29 of The Canadian Engineer

(July to December, 1915), is now ready and will be

mailed to any reader upon request.
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P 1: K S O N A 1. . OBITUARY
D. A. GRAHAM h:is hfcn appointed rcsicleni engineer

at X'ancouvcr for the Canadian N'ortliern Pacitic Railway.

C. B. GORDON, of Montreal, has been appointed

deputy chairman of the Imperial Munitions Board ol

Canada.

J. L. COTI-:, M.L.A., was eleeled president of the

.Mberta Land Surveyors' Association at its recent annual

meeting.

MARK WORKMAN is the new president of the

Dominion -Steel Corporation, in succession to Mr. J. H-

Plummer.

T. J. McMULKIN has been recommended for the

position of chief engineer at the city of Toronto high level

pumping station.

E. H. H.XMILTON has been appointed consulting

metallurgist for the Consolidated Mining and Smelting

Compan)' at Trail, B.C.

\VM. ALDHRSON, formerly with the Timmins Co.,

in Northern Ontario, has been appointed superintendent

of the Hollinger Gold Mines Co.

D. H. WIU^IAMS has been appointed assistant

general manager of the Canadian Government Railways,

with headquarters at Moncton, N.B.

Capt. JOHN" McHUGH, engineer in British Columbia

for the Department of Naval Service, Dominion Govern-

ment, is adjutant of the 104th Battalion.

C. H. FOX, formerly assistant division engineer at

Winnipeg for the Canadian Pacific Railway, has been ap-

pointed resident engineer of District No. 2, Manitoba

Division.

GEO. HOGARTH, B.A.Sc, O.L.S., of the engineer-

ing staff of the Department of Public Works, Ontario, has

been appointed Chief Engineer of Highways, to succeed

Mr. W. A. McLean, now Deputy Minister of Highways.

FRED RICKETTS has been appointed road super-

intendent in the municipality of Esquimalt, B.C., to

succeed Mr. E. Williams, who is on active service. Mr.

Ricketts was formerly in the employ of the provincial

government upon similar work.

Lieut. GEO. K. W'lLLL^MS, B.A.Sc, formerly on

the engineering staff of the University of Toronto, and a

graduate of the Curtiss .Aviation School, has been ap-

pointed me<'hanical superintendent of the .^ir Training

School at Detling, Kent, England.

P. LeCOINTE, one of the engineers in the roadways

department, city of Montreal, has returned to his position

after ha\ing been on active service since the beginning of

the war. He was in some of the heavy fighting in

Northern France, and has been the recipient of recog-

nition for gallantry in rescuing comrades under fire.

M. O. ROBINSON, who has been manager of the

Port .\rthur Street Railway for the past 5;2 years, has

submitted his resignation. Prior to the separation of the

electric railway lines of Port Arthur and Fort William,

which took place in 1914, Mr. Robinson was joint manager
of both. He was formerly in charge of the electrical plant

of the Canadian Pacific Railway in Fort William.
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MAIN STREET SUBWAY, MONCTON, N.B
NOTABLE IMPROVEMENT RECENTLY COMPLETED BY CANADLAN
GOVERNMENT RAILWAYS ON THE INTERCOLONIAL RAILWAY IN THE
CITY OF MONCTON—NOTES ON ITS DESIGN AND CONSTRUCTION.

THE Canadian Government Railways have recently

completed the construction of a subway to carry.

the tracks of the Intercolonial Railway over Main
Street in Moncton, N.B. This crossing was

previously of a dangerous character owing to the busy
traffic on both railway and street. The intersection had
become a particularly annoying one in recent years, so,

in the summer of 1914 the Government Railways decided

A temporary trestle was erected on the north side of

Main Street and was in use for a period of about six

montlis or during regular construction operations, and
little inconvenience was caused to pedestrian traffic.

\'ehicular traflic was diverted to other convenient streets.

The structure is of steel encased in concrete and with
reinforced concrete abutments. As illustrated by the
views from points on Main and Archibald Streets, it pre-

view from Archibald Street of Main Street Subway, Moncton, N.B.

to eliminate tiu' level crossing by constructing, vi'ith the

consent of the ratepayers, a steel and concrete subway.
The improvement is an important one for the city of

Moncton, affecting not only Main Street, but Archibald

and Foundry Streets, as the accompanying layout diagram
illustrates.

Preliminary operations were commenced in December,
1914. They comprised a considerable amount of excava-
tion and a diversion of the water, sewerage and gas
mains. This work was carried on during winter months
and dynamite was sometimes resorted to bv the con-
tractors in excavating through some three feet of frost.

Excavation was completed early in March, 1915. Directly

in the centre the ground was excavated to a depth of 13

feet, while the tracks were raised some 5 feet and graded
accordingly on both ends. The excavated material,

amounting to about 15,000 cubic yards, was removed with

a 28-ton Marion revolving shovel and transported from
the site in 6-yard dump cars drawn bv a Dinkey engine.

sents a well-balanced appearance, the design being

artistic, yet practical, and the finished work giving a

pleasing effect. The subway is 80 feet in width and is

spanned by a bridge 115 feet in length. The latter has

a reinforced concrete waterproof floor and carries three

tracks and two walkways for railway employees. Both

upper and lower floors are provided with adequate drain-

age facilities. The general features of the structure are

indicated in the drawings shown herewith.

The subway is lighted on the exterior with cluster

lights, as shown, and underneath with ceiling lights,

which are located in the openings of the piers.

The improvement included laying wood block paving

for a short distance on either side of the subway. The
foundation for this work was prepared first by a six-inch

layer of cinders rolled with a 16-ton roller. Over this was
spread concrete to the thickness of 6 inches, which was
covered by a finished paving composed of 3-inch creosoted
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General Layout of Main Street Subway, JVloncton, N.B.
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Cross°section Through Span, Showing Arrangement of Concrete on Girders.

wood blocks, set on sand and the space between the blocks

filled with hot pitch.

Apart from paving, the portions of the streets af-

fected by the crossing elimination have been suitably

banked and sodded, the grass-finished terraces sloping

towards the subwav adding considerably to its artistic

appearance.

Concrete work began on May 27th, 1915, and was
completed November 20th. Some 27 cars of cement, 175
cars of gravel, 25 cars and 10 scow loads of sand were
used. Three mixers were employed. The exposed sur-

faces of the concrete are to be tool finished, this operation

having been partly completed when the accompanying
photographs were taken.

As shown in the illustrations, street railway tracks

are laid on both roadways, through the subway. The
track west of it has a 7 per cent, grade, and a 5 per cent,

grade eastwards. The .'\rchibald Street approach has
also a 7 per cent, grade.

Mr. F. P. Gutelius is general manager of the Cana-
dian Government Railways, and Mr. C. B. Brown chief

engineer. Mr. W. A. Duff, engineer of bridges, designed
the subway. Messrs. Soper and McDougall, of Ottawa,
were the general contractors, Mr. A. L. McDougall being
superintendent of the work. Messrs. Rhodes, Curry Co.,

Limited, .A.mherst, N.S., were contractors for the steel

work. Mr. G. C. Torrens was engineer-in-charge and

Mr. F. Stratton chief inspector for the railway.

Subway at Moncton, N.B., Looking Easterly Along

Main Street.

THE PRESENT STAGE OF THE PACIFIC GREAT EASTERN RAILWAY CONSTRUCTION.

The Pacific Great Eastern Railway is now operating
as far as Clinton, a distance of 180 miles from Squamish,
the tidewater port of Howe Sound. All the remainder of

the line to Prince George has been graded with the ex-
ception of 30 miles at Horse Lake, in Northern Cariboo.
What still remains to be done to make a completed rail-

way is to build bridges and lay steel from Clinton to the

junction with the Grand Trunk Pacific at Prince George.
Approximately $22,500,000 has already been expended on
the line, according to Hon. Lome Campbell, Minister of

Mines, B.C., who is choirman of a government committee
reporting on uncompleted railway projects, and the com-
pany, owing to its inability to market its bonds, is now
out of construction funds. It has been estimated that it

will take $6,500,000 to finish the work and secure the

completion of a real link of communication with the rich

interior of the province.

Mr. Campbell states that the Pacific Great Eastern,
in the first instance, was assisted by the government, by
way of a guarantee of bonds to the extent of $35,000 per

mile. Early sales of bonds were very successfully made,
and the company had every expectation of being able to

finance the undertaking without difficulty. But the war
intervened and calculations were upset. Issues of all

kinds were barred from London, and the only place where
money can be obtained is New York, and there is now a
very poor market.

The authorized extension of the Pacific Great Eastern

into the Peace River country is on a slightly different

basis from the portion on the line from Prince George to

Squamish. The line was surveyed to the eastern boundary
of British Columbia, but no market could be found for the

securities, even though guaranteed by the government.

That part of the line is, therefore, untouched, and the

situation precisely the same as if the contract had never

been entered into. Construction work by the company is

altogether contingent on the marketing of the bonds at

reasonable figures.

"If the government," said Mr. Campbell, "should at

present desire to proceed with the Peace River connection

it would have to supplement its original guarantee by an

interim loan, or otherwise assist the company with funds

that would, for the time being, take the place of the pro-

ceeds expected from the sale of the bonds. Thus, so long

as conditions continue as they are, the rapidly growing
traffic of the Peace River country will be diverted to

Edmonton and the east, instead of following the route to

tidewater on the British Columbia coast."

The Minister of Mines, speaking of the immigration

flood which he believed would follow the war, stated that

he could conceive of nothing better calculated to meet the

situation than the opening of the rich interior of the

country through the speedy completion of the Pacific Great

Eastern Railway.
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ESSHNTIAl. I'HYSICAI, PROIM-RTIHS OF SAND,
GIUVKL, SLAG AND BROKKN STONE FOR

USE IN BITUAllNOUS PAVEMENTS.*

By Francis P. Smith, Ph.B., M.A.S.C.E.

IN
discussing the various physical properties of mineral

aggregates it must he borne in mind that it is im-

possible to fix imivcrsally applicable definite values

for them, as these will vary with the type of pavement

and the kind and density of the traflic to which it is sub-

jected. In order to understand fully the extent to which

these considerations affect the selection of the mineral

aggregate to be employed and modify any standards set

for their essential physical properties, it is necessary to

have clearlv in mind the different types of bituminous

pavement and of traffic and to discuss briefly a few points

illustrative of their mutual relationship.

The types of pavement considered in this connection

are: (i) Sheet asphalt, binder, surface; (2) bituminous

concrete ; (t,) bituminous macadam ; (4) asphalt block ;

{5) oiled macadam ; (6) gravel.

Broken stone or gravel is used in all of these types,

but in Ihe case of sheet asphalt their use is restricted to

the binder course in which they are not directly subjected

to wear. In all the other types the broken stone or gravel

forms part of the wearing surface. Obviously in the

binder course neither of them would be required to possess

the same degree of wear-resisting quality as when used

in the surface.

The kind of traffic may be classified as : Iron-tired,

chiefly horse-drawn ; rubber-tired, chiefly self-propelled

;

mixed, both horse-drawn and self-propelled; and without

entering into a detailed segregation, the traffic itself may
be classified as : Light, medium, heavy.

Stone and gravel which would crush under heavily

loaded iron-tired traffic would carry the same weight with-

out fracture if rubber tires were used. The same distinc-

tion would applv in the case of heavy traffic as compared
with light traffic.

A certain amount of crushing, thus increasing the

proportion of fine material in the mineral aggregate, is

desirable in certain types of pavement, such as tarred

slag, when sufficient quantities of a soft bituminous binder

are used with it which will readily cost the freshly frac-

tured surfaces at ordinary atmospheric temperatures.

Where the bitumen is present in insufficient quantity

or where it requires temperatures higher than atmospheric

ones to make it adhere satisfactorily to the particles, the

reverse is true.

Having before us this verj' wide range of conditions

which must be met, we next come to a consideration of

the physical properties themselves which are ordinarily

regarded as essential. These are : .Shape, character of

surface, wear-resisting quality, size, cleanliness.

Shape.—Owing to the fact that all bituminous
cements soften materially under heat and therefore lack

stability in hot weather, it is desirable and necessary to

obtain as great a degree of stability as possible in the

particles whether they be coarse or fine. Gravel, with its

rounded particles, has much less stability than broken
stone. For this reason it is often passed through the

crusher before using it. Stone which is crushed so that

the particles are chiefly cubical in shape is to be preferred
to stone that is crushed so that slivers predominate.
These slivers do not compress as easily as do cubical

particles to form a compact mass with a minimum of voids

*A paper read rerently before the Graduate Section of the
T'iiihway EnsinccrinK Course at Columbia Univrrsity.

and are much more liable to fracture under the stress and
weight of traffic. When the particles are small, their lack
of weight and size render them more subject to displace-

ment and angularity and consequent interlocking of the

particles is very essential. At first sight this would ap-

pear to be much more important in the case of sand than
in the case of stone. The larger the particle, however,
the greater the leverage with which it may act under a

force tending to displacement, hence there is not so great

a difference between the relative importance of angularity

in sand and stone. In fact, in certain cases it is more
important with stone than with sand. In the binder

course in sheet asphalt pavements, which is intended to

increase the stability of the sand wearing surface and key

it to the concrete and retard its movement upon the sur-

face of the concrete, sharpness of stone is essential. For
this reason gravel makes a very inferior binder and should

not be used where it is possible to obtain stone. When
used, it should be cracked by passing it through a crusher.

Not only do rounded particles move on each other with

greater ease than angular particles, but in masses they

have fewer points of contact.

Character of Stone.—As our consideration of the

materials under discussion is limited to their employment
in bituminous pavements, it is necessary for us to con-

sider the surfaces of them chiefly in connection with their

ability to receive and retain a coating of sufficient thick-

ness of the bituminous cementing material. Certain types

of surfaces are much more desirable from this standpoint

than are others. Broadly speaking, a rough, pitted and
somewhat absorbent surface is the best. Smooth, glossy

surfaces do not readily retain a thick coating of bitume 1

and require a relatively high heat to insure properly coat-

ing them. At a high heat the bitumen becomes very liquid

and readily runs off of them, which results in a coating of

undesirable thinness. Even when the temperature at

which they are coated is no higher than that employed
with rough surfaces, their smoothness permits the bitu-

men to drain off more readily. This is particularly the

case with flint particles and sands containing them, when
coated with bitumen and examined under a glass, invari-

ably show the minimum thickness of coating on the flint

particles sharply contrasting with the surrounding rougher

surfaced quartz particles which have retained a coating of

normal thickness. .\s compared with a non-absorbent

surface, an absorbent one per se is to be desired. Un-
fortunately, most particles which have absorbent surfaces

are lacking in resistance to wear and therefore, notwith-

standing their superiority from the standpoint of coating

them with bitumen, are not suitable for heavy traffic, more
especially of the iron-tired variety. \\'here the bituminous

cement used is lacking in cementing value an absorbent

surface is especially necessary.

The speaker knows of a number of roads in which
distinctly inferior bituminous cement was used which gave
excellent satisfaction under medium and light traflic due
to the fact that the mineral aggregate was a porous lime-

stone. The same bituminous cement with hard non-

absorbent rock failed utterly when used in similar types

of construction on roads carrying an equivalent traffic.

The outer surface of the particles must be firmly ad-

herent to and form a permanent part of the particles

themselves and must show no tendency to scale off when
heated. Certain sands, upon heating, appear to form
loosely adherent scales upon the surface of their particles

which are not removed by attrition in the mixer but which,
under the stress of traffic and atmospheric changes in

temperature, become loose and detach themselves, carry-

ing the coating of bitu?nen with them. P.ivements laid

with this type of sand have been known to disintegrate
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from this cause alone within a few weeks from the time

they were laid. Gravel, freshly broken slag and stone

are ordinarily free from this defect. Slag which is glassy

does not coat as well with bitumen as do the more basic

slags.

Wear=resisting Quality.—This, while a very im-

portant property, is perhaps more of a variable one than

any of the other qualities mentioned. The degree required

depends upon the kind and density of the traffic, the size

of the particles, the type of pavement and the hardness of

the wearing surface considered as a whole. We have

already noted that an iron-tired traffic exerts a greater

crushing action than a traffic that is carried on rubber

tires and it goes without saying that a dense traffic is

more severe in this respect than a light traffic. Up to a

certain point, the larger the particle, the greater the

liability to fracture and where the traffic is very heavy,

aggregates consisting of relatively large particles will not

give satisfactory service even though composed of the

hardest known rocks, unless the particles are sufficiently

massive to resist fracture, as, for instance, ordinary pav-

ing setts, which are, of course, outside the limit of bitu-

minous pavements. In other words, broken stone or

gravel of from y^ to i^4 inches in size requires more care-

ful scrutiny as to its resistance to fracture than do sand

or paving blocks. Resistance to fracture is, of course,

only one of the elements going to make up wear-resisting

quality. Hardness is also a requisite, although a very

hard and at the same time brittle material would not be

suitable for use in bituminous pavements. A pavement
which is soft and vielding as a mass does not require as

hard and tough a mineral aggregate as does a more un-

yielding pavement. The shock or impact, as well as the

grinding action of traffic, is minimized by the plasticity

of the pavement in the same way that it is difficult to

break a rock of relatively small size when supported on a

yielding bed. When the particles are heavily coated with

a relatively fluid bitumen, fractures of the particles are to

a certain extent self-healing. In this type of pavement,

therefore, somewhat softer rock may be safely used than

in those types in which the bitumen is harder and the

coating on the particles thinner.

Size.—This property has to do not only with the

actual size of any one particle or set of particles, but also

embraces the question of the relative size of the different

particles composing the aggregate as a whole, which con-

stitutes what is frequently referred to as the grading of

the mass. .As previously mentioned, large sized aggre-

gates will not carrv excessively heavy traffic and this not

only refers to the difference between broken stone and
sand, but to different varieties of sand as well. For
ordinarily dense and heavy traffic, sheet asphalt pavements
carry from 2 to 10% of sand particles which will just pass

a lo-mesh sieve and are approximately 0.027 of an inch

in diameter. Where the traffic is exceptionally heavy,

particles of this size are liable to fracture and the maxi-
mum size must be still further reduced. In certain heavily

travelled streets in Glasgow, Scotland, the speaker was
forced to limit the maximum size of the sand particles to

those which would pass a 30-mesh sieve. Such particles

would have a diameter of approximately 0.01375 of an

inch. The ability of a very fine and comparatively soft

aggregate to sustain the heaviest known traffic is perhaps

best exemplified by the French rock asphalt pavements.

These pavements are largely composed of particles which
will pass a 200-mesh sieve and have an approximate
diameter of 0.00235 of an inch. The particles themselves

are composed of a soft limestone thus showing the possi-

bility of using relatively soft materials when they are in

a fine state of division. The bitumen with which thev are

coated is relatively quite soft, which again accentuates a

point previously referred to; viz., the possibility of using

soft materials with a fluid bitumen. The relative size of

the different particles or the grading of the mineral aggre-

gate is perhaps one of the most important considerations

in the construction of a bituminous pavement. On it much
of the success of the pavement depends. The maximum
size of the particles and the allowable proportion of maxi-

mum sized particles is, as we have seen, dependent upon
the traffic. If all the particles were of practically the same
size, they would touch at only a few points of contact and
the pavement would have a large percentage of relatively

large voids. The weakness of the bond due to the few
points of contact would make it pick up or ravel under

traffic and the relatively large sized voids would permit the

bitumen to drain off the hot aggregate during transit to

the street or road, leaving a very thin coating on the

particles and thus still further weakening the bond. Any
considerable excess of bitumen in the mixture would
result in the formation of "fat spots" in the pavement
where the excess of bitumen had collected. If the tem-

perature at which the mixing took place was lowered,

there would be danger of not properly coating the particles

and in cold weather a mixture of this type would be very

difficult to rake and would break up under the roller, and

it would be impossible to compress it into a compact mass.

It is, therefore, essential to fill up these large sized voids

with smaller particles. If all of these smaller particles

were exceedingly minute, they would present a very large

surface area to be covered by bitumen, and would, there-

fore, increase the cost of the pavement. The mass formed

by them would be very plastic owing to the relatively high

percentage of bitumen necessitated by the conditions of

mixing, and would not key the larger particles together

as firmly as if the filling mass were partly composed of

the largest sized particles which would go into the voids

between the large aggregate. The French rock asphalt,

while composed almost entirely of very small particles,

has a very high degree of stability and contains a relatively

low percentage of bitumen by which it has been impreg-

nated by natural processes in which lime was not a factor.

The average time of mixing a batch of bituminous pave-

ment does not exceed one minute and the consistency of

the bitumen is usually much harder than that found in the

French rock. It is therefore impossible, under working
conditions, to satisfactorily coat a fine aggregate with as

small a percentage of bitumen as is found in the French
rock and the stability of the mixture is lessened by this

relative excess of bitumen. It is, therefore, essential to

first fill the voids between the maximum sized particles

with the largest sized pieces that will go in them. The
remaining voids should then be similarly filled and so on
down to those voids which can only be filled by particles

passing a 200-mesh sieve. The proportion of these par-

ticles will not ordinarily exceed 15% in a sheet asphalt

pavement, the governing factor being the production of

a dense surface which will not be water-absorbent and
having as large a proportion of mineral aggregate as

possible. Closeness of grain could, of course, be obtained

by an excess of bitumen, but this would increase expense
and reduce stabilitj'. Where the maximum size of the

particles approaches one inch the percentage of 200-mesh
material in the pavement is, of course, much lower than

in sheet asphalt pavements and varies from 3 to 5% on
the average. Particles of 200-mesh sand are not desirable

in a pavement owing to the fact that they detract from its

stability and if present to any considerable extent, tend

to make the mixture mushy. .A.II, or the greater portion

of, the 200-mesh material should be finely ground lime-

stone or Portland cement, as this materially adds to the
the stability of the pavement.
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In order to comprehend how the increase in I'mc

material adds to the surface area to be covered wiili bilu-

nu-n, let us consider a one-inch cube of stone. It has six

sides, each i sq. in. in area, or a total of 6 sq. ins. Let

us now saw it through the middle. It has now the

original six sides and two more, each of i sq. in. in area,

or 8 sq. ins. in all. Keeping the pieces together and
cutting it again in a plane at right angles to the first cut

we add two more square inches in surface area, making
10 sq. ins. in all, although the volume of the mass has not

been increased.

In certain of the tarred slag pavements in which a

very soft tar is used, the pavement as laid is ver)' deficient

in fine particles. The top layers of slag are expected and
do crush to a very considerable extent under traffic and
the fine particles thus produced are coated by the soft tar

at atmospheric temperatures and are incorporated into the

pavement ; thus, in a short time forming a dense compact
mass which, under light and medium traffic, gives excel-

lent satisfaction. A large quantity of this pavement is

laid on country or suburban roads in England and costs

about half a crown (62 '^ cts.) per square yard. With any
other type of bitumen which was not very fluid and which
would not coat particles satisfactorily at atmospheric tem-
peratures, such a pavement would be a very dangerous
type to lay. The sharp particles of slag key very firmly

together and once the sufficient amount of fine material is

produced by traffic crushing, the pavement is a remarkably
stable one and sufficiently close grained to keep the water
out. As illustrating the grading in various kinds of pave-
ment, the following typical examples are given:

—

Bituminous
Sheet Asphalt. Topeka. Concrete.
Heavy Ligrht

Traffic. Traffic.

Hot Cold
Mixture. Mixture.
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asphalt mixture will carry practically every kind of traffic.

With a cheap local supply of bitumen of fair but somewhat
inferior quality, an absorbent limestone will often make
a very salisfat;tory pavement for carrying light traffic.

Sands which are lacking in fine or coarse particles can

frequently be brought up to the proper standard of grad-

ing by the addition of fine or coarse unweathered crusher

screenings.

Summary.—Sand should be clean grained, hard and

moderately sharp. The grains should be chiefly quartz

and should have rough pitted surfaces. If necessary, as

will usually be the case, the proper mesh composition or

grading must be obtained by the mixing of several sands

Lir possibly by the addition of unweathered crusher screen-

ings. In the ordinary type of sheet asphalt pavement the

presence of clay is undesirable, either as a coating to the

grains or disseminated throughout the mass. For medium
and heavy traffic pavements all particles retained on a 10-

mesh screen should be discarded. For light traffic three

to five per cent, of 8-mesh particles can be incorporated

in the pavement with advantage. Sands containing a

large percentage of flinty grains should be avoided.

Gravel should be clean grained, hard and free from
adhering clayey particles. It is lacking in stability owing
to the roundness of its particles and is usually consider-

ably improved by passing it through a crusher. Gravel

with a rough pitied surface is to be preferred and gravel

containing a large percentage of flinty particles is to be

avoided. Unsuitable for the construction of pavements
carrying heavy traflic and inferior in all respects to

crushed stone.

Slag. Hard, dense basic slag is to be preferred.

Should be stable when exposed to weather and not show
any tendency to slack or disintegrate. Only suitable for

light traffic and should preferably be coated with a very

fluid bitumen.

Broken Stone. Should be freshly crushed, preferably

in cubical shaped particles. Size and hardness required

depends upon the traffic which the pavement is to carry.

Dense, hard limestone will carry medium and light traffic

satisfactorily. When the traffic, though light in volume,
is composed of heavy iron-tired units, a dense, hard trap

is required. Trap is now comonly used for asphalt block
manufacture, although in the past a large number of

asphalt blocks made from limestone gave excellent service

under light traffic. Granite is not usually satisfactory, as

it is too coarse and uneven in texture and much of it is

friable and it is liable to shatter in crushing. Mesh com-
position just as important as with sand. Not suitable for

use in pavements carrying very heavy traffic.

THE ACTIVATED SLUDGE PROCESS OF SEWAGE
TREATMENT.

RAILROAD EARNINGS.

The followingr is a record of the transcontinental rail-

roads' gross earning's for the first three weeks of January :

—

Canadian Pacific Railway.

1916. 1Q15.
January 7 $1,874,000 $1,316,000 +$558,000
January 14 1,863,000 1,321,000 + 542,000
January 21 i,gio,ooo i,3gi,ooo + 519,000

Grand Trunk Railway.

January 7 $ 880,702 $ 753,522 +$137,180
January 14 966,301 779,745 + 186.556
January 21 980,914 705,830 + 185,084

Canadian Northern Railway.

January 7 $ 541,100 $ 315,700 +$225,400
January 14 469,300 349,300 + 120,000

January 21 504,000 322.600 + 181,400

IN
Tlic Canadian Engineer for December 2nd, 191 5,

there appears an abstract of an International En-

gineering Congress paper on "Disposal of Suspended

Matter in Sewage," contributed by Mr. Rudolf

Hering, D.Sc, of New York. We are now able to pre-

sent a very able discussion of this paper, submitted by Dr.

Gilbert J. Fowler, of Manchester, who replies to some of

Mr. Herlng's comments in an interesting way that will be

appreciated by many of our readers who have been closely

following our articles and references to the activated

sludge process of sewage treatment.

Dr. Fowler states that experience at the Withington

sewage works of the Manchester corporation bears out

much of what Dr. Hering has stated in regard to the

operation of the Imhoff tank. The necessity for periodi-

cally stirring the scum is a somewhat serious matter; if

mechanical agitation is to be used it will introduce com-

plication and cost. The statement that exposure to the

air tends to increase putrefaction, appears o priori open

to question, and he would like rigid scientific evidence on

the point. His experience with the Imhoff tank has con-

firmed him in his belief that the final solution of the

sewage problem is not to be found in processes involving

anaerobic action but on the lines of aeration, putrefaction

being avoided at every point.

The history of the development of what has come to

be known as the "activated sludge process" is carefully

given in the first paper by Messrs. Ardern and Lockett

(Jour. Soc. Chem. Ind., No. 10, Vol. xxxiii.. May 30th,

1914.)

The articles which have recently appeared in .American

technical journals, describing experimental work at various

centres, are clear evidence that the work of the English

investigators marks an advance on anything previously

accomplished.

It is a matter for satisfaction that the interchange of

scientific work on both sides of the Atlantic should eventu-

ate in progress for the general good.

The question of priority where so many workers are

involved is of small importance in itself. When, however,

statements are made by Dr. Hering and others which

obscure the scientific understanding of the process, it is

important that they should be corrected.

It is quite true that he (Dr. Fowler) was much im-

pressed by Mr. Clark's work at Lawrence, and to the

Massachusetts workers is due the idea of building up by

prolonged aeration of successive quantities of sewage a

growth which would rapidly purify sewage in the presence

of air. But the question of expensive surfaces, difficult

to construct and handle, still remained and because of this

the possibilities of the process were not favorably con-

sidered by the Metropolitan Sewerage Commission with

whose president the matter was carefully discussed. The

writer, therefore, returned from New York considering

the problem of how to bring about purification in open

tanks with, at any rate, the least possible addition of

costly chemical precipitants. The idea of adherent

growths was therefore abandoned in favor of some pro-

cess of bacterial or enzymic activity, a line of thought

which had previously been present in the mind through a

suggestion by Dr. Maclean Wilson (Jour. Soc. Chem.

Ind., No. 23, Vol. XXX., p. 1348, 1911.) From this line

of thought was developed what has come to be known as

the "M7" process, which was described in a paper by the

writer and E. M. Mimiford at the Congress of the Royal

Sanitary Institute at Exeter in July, 1Q13.
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B\ iliis mctliotl :i bacterium was made use of, dis-

co\ercd in colliery waters, termed "M7," which had the

property of precipitaliny hydrated oxide of iron from

solutions contninint; salts of iron, together with organic

matter.

Sewage from which the grosser solids had lieen re-

moved by sedimentation was treated with a small quantity

of iron salt and inoculated with the organism referred to,

and aerated for several hours. Perfect clarification took

place, and a deposit containing a very high percentage of

nitrogen (as much as 10 per cent.) was formed.

The effluent from this process could be nitrified at

verv high rates on percolating filters.

Inasmuch as preliminary settlement of the sewage

was called for by this process, with production of ordinary

sludge, and as the effluent still required final treatment on

filters for complete oxidation, the method, although having

many advantages, did not completely realize the object of

the researches.

In the development of the field experiments in con-

nection with this process, valuable practical experience on

the economical application of air was, however, gained.

Contemporaneously with this work, experiments were

being carried on at Davyhulme, at the writer's suggestion,

on the continuous aeration of successive quantities of

sewage, as in the Massachusetts work, and these experi-

ments ultimated in the activated sludge process described

in the various papers of Messrs. .Ardern and Lockett.

It is now possible to correlate the various results

which have been obtained and to get some steps nearer

to a proper understanding- of the nature of the process.

The writer's present idea is that it can be referred entirely

to bacterial activity. It was distinctly stated, in the first

paper by Messrs. .'\rdern and Lockett that their sludge did

not contain any algnl growths ; the process thus differs

essentially from that which was in operation at Lawrence
at the time of the author's visit and which was subse-

quently described in the annual report of the Massa-
chusetts State Board of Health for 1913, p. 289 and seq.

It would appear, therefore, that the activated sludge

process consists broadlv of three operations : a clotting or

clarifying action, a rapid carbon oxidation process, and
finally, nitrification. It is probable that the first process

is, to some extent, the result of the activity similar in

character to "M7" organisms which was definitely shown
to depend on enzymic action whereby traces of iron ap-

peared to start the flocculation of the whole sewage. The
"M7" bacillus is probably fairly ubiquitous, as it has been

found that sewage containing iron and a certain amount
of partially activated sludge but in which clarification has
not been effected, can be made to clarify almost at once
by the addition of a small quantity of properly activated

sludge. Simultaneously with clarification, the organic

matters in solution follow the usual course of oxidation,

which takes place rapidly owing to the enormously ex-

tended area of bacterial activity. In the writer's opinion,

the outstanding- advantage of the process lies in the fact

that the sewage is really clarified and the process of

clarification results in the precipitation of the emulsified

nitrogenous matter in the sewage. This has hitherto not

been arrested in any process of tank treatment, with the

possible exception of certain precipitation processes which
involve the addition of large quantities of costly and inert

chemicals. Experiment has shown that bacterially pre-

cipitated sludge is quite extraordinarily active as a manure
and there seems every reason to believe that an important

step has been taken in the ultimate aim of economic
sewag-e disposal, viz., the return of nitrogen to the land.

A great deal of research remains to be done on the

conditions of activity of the sludge, both as an agent in

sewage purification :in(l .-is a nianure, but advance is only

possible by patient and exact biochemical investigation,

and it is of the utmost in-iportance that unfounded assump-
tions and short-cuts of all kinds, which have been re-

sponsible for so much waste of public money on sewage

treatment plants in the past, should be axoided.

It cannot be too strongly emphasized that the proper

treatment of sewage is a matter, in the first place, for the

scientific specialist ; when he has worked out the govern-

ing facts of the situation, it remains for the engineer

economically to construct the plant which fulfils these

conditions.

In the present case, the engineering problem is a

comparatively simple one ; it is merely to keep the acti-

vated sludge uniformly mixed with the sewage in presence

of the necessary air. A large amount of work has been

done in this country and also by Mr. Chalkley Hatton at

Milwaukee and Dr. Bartow at the University of Illinois

in collaboration with the writer, and the experimental

plants of various dimensions capable of dealing with quan-

tities varying from 60,000 gallons to as much as 2,000,000

gallons per day are in course of operation or construction.

In all comparisons of cost between one process and

another it is essential that result should be compared with

result. Unfortunately, this rule is not always adhered to

and a given process, e.g., is said to be cheaper when on

examination it gives much less satisfactory results.

Where strict comparison is made the advantages of the

activated sludge process are, in the majority of cases,

beyond question, and the writer considers that any further

large expenditure on works of the conventional type is

—

in view of the results already obtained—seriously to be
deprecated.

HYI)RO=ELECTRIC POWER IN EASTERN
ONTARIO.

Representatives of Eastern Ontario municipalities

have recently taken up with Sir Adam Beck, chairman of

the Hydro-Electric Power Commission, the question of

supplying them with power and radial lines. There has

Seen but little activity as regards the development and

transmission of hydro-electric power by other than private

companies in Eastern Ontario in recent years, during which

time the western peninsula has been experiencing phe-

nomenal rural and urban improvements as a result of the

supply of power and equipment furnished by the Commis-

sion. This delay in Eastern Ontario has been largely due

to dilflculties of a technical nature existing between the

Federal and Provincial Governments as regards the water

power development in the Trent Valley. In this connec-

tion Sir Adam made an important announcement to a

delegation which waited upon him on February 1st. He
stated that the existing difTiculties had been practically

removed, subject to the approval of the two parliaments,

and, if these bodies corroborated the proposed agreement,

the province would have control of the future development

of water powers within its boundaries. When the neces-

sary legislation giving effect to this understanding has.

been enacted, the municipalities in Eastern Ontario may

expect a betterment of the situation.

The Winnipeg office of The Canadian Engineer has

been moved from Room 1008 to Room 1208, McArthur

Building. The new telephone number is Main 2663.

Mr. C. W. Coodall remains in charge of the office.
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CEDARS RAPIDS POWER DEVELOPMENT.

MHSSRS. Henry Holgate and Julian C. Smith read

papers last fall, before the Canadian Society of

Civil Engineers, on the design and construction of

the Cedars Rapids Power and Manufacturing

Company's hydro-electric plant at Cedars, near Montreal.

On December 2nd, 1915, R. M. Wilson, chief electrical

engineer of the Montreal Light, Heat and Power Co.,

followed with a paper on the electrical design, construction

and tests. These three papers jointly give a very complete

record of the entire work. Brief abstracts of Messrs.

Holgate's and Smith's papers appeared in The Canadian

Engineer in the issues for November 18 and December 16,

191 5, respectively. Following are a few of the most in-

teresting points covered by Mr. Wilson's paper:

tract obligations that are most onerous as regards con-

tinuity of service.

Two sizes were considered, viz., 15,000 kv.a. and
10,000 kv.a. The smaller unit was adopted because: (1)

with the larger unit, loo great a percentage of the plant

capacity would be put out of commission by the failure of

any unit; (2) 15,000 kv.a. vertical units had never been
constructed and the company did not wish to experiment

;

(3) the cost of other apparatus, such as cranes, bearmgs,
etc., would have been greatly increased, owing to the ex-

cessive weight of the larger units. The weights of the

rotor and stator of the smaller unit are respectively 213,000
lbs., and 146,000 lbs. For a 15,000 kv.a. unit, the weights
would be 425,000 lbs. and 300,000 lbs.

A unit smaller than 10,000 kv.a. was not adopted
owing to the larger power house that would have been

Interior View (Looking North) of the Power House at Cedars Rapids, Showing Some Important Struciufui

Features and Ilhistrating the Arrangement of the Nine Units.

The generating plant consists of nine 10,000 kv.a.,

6,600-volt, 3-phase, 60-cycle, vertical units, and three

1,250 kv.a., 2,300-volt, 3-phase, vertical exciter units.

Voltage regulators are installed on each unit, maintaining
a steady voltage and preventing cross-currents between
the units. The main generator busbars are not in the

power house, but are installed in the transformer house.
The power and transformer houses are 800 ft. apart,

connected by feeder cables.

Size of Units.—The design of the generating system
was the main point in the consideration of the electrical

layout, and had to be worked out in conjunction with the

water-wheel design. Mr. Smith explained in his paper
why the vertical type of unit was adopted. The next step
was to determine the size of unit, having regard for con-

required, and on account of the larger operating staff,

etc., that a greater number of small units would have

necessitated.

When the size of unit had been decided upon, the

design was discussed with manufacturers prior to sending

out specifications, in order to impress upon them the im-

portance of securing the most economical ratio between

the diameter of the unit and its height. The result was
that the design adopted saved 7 ft. in height of power
house, as well as reducing the cost of the hydraulic in-

stallation.

The generator specifications required that the stator

be in four sections ; that the design be for 75 per cent,

power factor, and 25 per cent, overload for two hours

;

that full rated capacity must be delivered at a normal
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potinlia) of 6,600 volts; that full load rating in amperes
at a \oltage of 7,200 volts must he carried for several

hours without damage; that the temperature rise must
not exceed 45 deg. C. at end of a 4.S-liour run ; that the

One of the Main Governors (Unit No. 9.)

iron losses must not increase more than 5 per cent, after

two years' operation.

The efficiency guaranteed at full load was to be 94-

5

per cent, at 75 per cent, power factor; 95.5 per cent, at

90 per cent, power factor; 96.1 per cent, at 100 per cent,

power factor. The highest efficiencies guaranteed—at }{
load—were to be 95 per cent, at 75 per cent, power factor

;

95.8 per cent, at 90 per cent, power factor
; 96.4 per cent,

at 100 per cent, power factor.

The units installed have met the most sanguine ex-

pectations. The outside diameter of the stator is 37 ft. 4
ins., and the unit is the largest in diameter which has been
installed to date. The height of the stator frame from the
floor line is only 33 inches.

Excitation.—In providing for the excitation the usual
practice of installing large D.C. units, water-wheel driven,

was departed from. In their place were installed three
L'V.C, 1,250 kv.a., 2,300-volt, 3-phase units, excited by
an i8-kw. D.C. generator on same shaft and turbine-

,driven, also a bank of three 1,000 kv.a. transformers,
which permits of one of the large units being used for

excitation purposes in emergencies.
These .A..C. generators furnish the energy for driving

the indi\idual motor generator sets for exciting the large
units. This method was adopted because in case of trouble
on an individual exciter set only one main unit would be
affected; all auxiliary machinery would be A.C. motor-
driven with low operating costs; it is easier to obtain
automatic voltage control with individual generator exciter
sets; the investment in cables, switches, etc., is lower;
the cost of spare apparatus is reduced ; and in emergencies
one of I lie large units can be used.

Switchboards and Switchgear.—The dominant point
kept in mind in design of switchboards and accessories
was to obtain the most flexible system consistent with
minimum initial cost and continuity of service. The double
busbar arrangement was adopted and designed in such
manner that a failure on any one section would not crippl-
the next unit. One main control and instrument board is

installed in Ihe power house. In the transformer house
a control desk and instrument board are installed lor con-

trolling the step-up transformers and out-going lines. All

switching apparatus has been installed in such manner
that extension to the plant can be made without interfer-

ing with operation of present units.

All busbar and switch structures are of reinforced

concrete, which was adopted in place of brick because

barrier work could be made thinner, loading on floors was
much less, and it was easier to obtain greater clearances

for li\e parts to ground in same space. For switch cells

and busbar structures, 277 cu. yds. of reinforced concrete

were required, at an average cost of $58.70 per cu. yd.

The generators, exciters, switchboard apparatus, etc.,

were supplied by the Canadian General Electric Co., Ltd.

Cables.—All cables used on the main generators

operating at 6,600 volts were installed for 13,200 volts

pressure. Cables used for 2,300 volts operation are in-

stalled for 4,400 volts. The increased cost is more than

offset by insurance against failures. Lead-covered, paper-

insuLited cables were used in all places subjected to

moisture. All cables were designed with cross-sectional

area of sufficient size to carry 50 per cent, over normal

current continuously. All large single conductor cables

on A.C. circuits have rope cores to minimize skin effect.

In designing cables, 1,200 cm. per ampere was generally

allowed.

The most important part of the cable design was the

size and kind to use on the main units connecting power
and transformer houses. The final adoption was four 3-

conductor, 300,000-c.m., lead-covered, paper-insulated

cables per unit.

Some of the reasons governing this decision were :

(i) Increase in apparent resistance of single-conductor

lead-covered cables, carrying heavy currents at 60 cycles

was found to be abnormallv high ; (2) the three-conductor

cable was slightly cheaper in initial cost ; (3) in the event

of failure of one of the four cables, partial service could

be obtained during repairs.

The Kingsbury Bearing of Unit No. 5, During
Installation Operations.

Where the cable runs were comparatively short,

single-conductor cable was used to facilitate handling,

and on account of the fact that the outside diameter was

less, thus taking up less room.
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The cables were supplied by the Northern Klectric

Co., Limited.

Transformer House.—This building is of reinforced

concrete, built on the unit principle, and contains about

1,825 units. It is 228 ft. long, 130 ft. wide and 90 ft.

high from basement floor to roof. The load per square

foot on all footings is 2,500 lbs. This may appear small,

but was due to the nature of the soil, which made heavier

loading inadvisable.

In this building are the busbars, with necessary

-switches, etc., and the step-up transformers for the

Massena and Montreal systems. The principal reason for

having the step-up transformers removed from the power
house was the desire not to have large quantities of oil

in too close proximity to the generating apparatus. There
was also considerable saving effected in the rock excava-

tion for the power house, and the arrangement permitted

easier construction in regard to the exits for the transmis-

sion lines.

The auxiliary transformers were supplied by the

Canadian Westinghouse Company, Limited.

Tests.—The tests carried out on the generating equip-

ment were for efficiency, field characteristics, regulation.

finally settling down to 56. The wheel gate opening as

a result went through a large variation, causing a con-

siderable water surge in the gate house.

Cost.— 1 he following summary contains the costs of

the electrical installation for the first development of

100,000 h.p. :

—

Per kw.
Generators, exciters and blowers $10.04
Switchboards and high-tension switchgear 2. 18

Switch cells and bus structures .26

Control cables and conduits .54
Main cables and ducts in power house and trans-

former house .23

Feeder cables, ducts and trestle i .40
.Auxiliary power cables and conduits .28

Auxiliary transformers .22

Auxiliary switchboards .37
Storage battery installation . 1

1

Lighting system .19

Heating system .19
Miscellaneous .24

Total $16.25

The Exciter Units, with Their Governors.

heat runs, overspeed, high potential and oscillograph.

The efficiency test was made by the method known as the

Decelleration Core Loss Test. The field characteristics

at different power factors were determined by means of

the no-load saturation and the short circuit impedance
curve. The regulation was taken as the drop in voltage
expressed as a percentage of no-load volts. Heat runs
were made with various power factors and loads, with

different degrees of ventilation. The overspeed test was
made by throwing the water-wheel gates wide open and
unit allowed to rotate without load or brakes. A high
potential test of 15,000 volts was made on armature wind-
ings and 2,2oc volts on field coils for one minute. Oscillo-

graph tests were made under all conditions of short

circuits, including single-phase and three-phase, as well

as tests for wave form under different power factor

conditions.

One interesting test was made by short circuit under
normal load. It was performed as follows : The unit was
loaded by means of a water rheostat, located in the gate
house, and the unit short circuited bj' means of a special

oil switch.

At the moment of short circuit the field current

jumped from 305 to 560 amperes, and the armature cur-

rent to about 8 times normal current, the speed of the

unit raising from 56 r.p.m. to 66, then back to 53, and

These costs include engineering supervision and in-

terest during construction.

The total cost of the transformer house, including
crane, turn table, transfer truck, etc., was $3.02 per kw.
The cost per cubic foot was $0.098 ;

per square foot of

floor, $0,251. The floor area is 1.2 sq. ft. per kw.
Operation.—The plant was first placed in commercial

operation on December 27th, 1914. The load has been
built up gradually until now the plant is operating at its

maximum output with a daily load factor of over 90 per
cent. Three shifts of 8 men each, and one operating
superintendent, comprise the staff. The superintendent
is W. G. Hullett. Very little trouble in operation has
been experienced to date, everything working out
smoothly.

COPPER LINING FOR TUNNEL.

Bids are being: solicited by the Board of Water Supply
of New York City, calling: for furnishing- and placing copper
lining: in a portion of the city tunnel of the Catskill water
supply aqueduct. The actual leng:th to be lined is about
1,200 ft. of i2-ft. tunnel. The copper g-enerally will be
5/64-in. in thickness, and the sheets will be joined bv brazing-
and attached to the surface of the existing concrete lining- by
bolts fastened into the masonry. After completion, the tig-ht-
ness of the brazed joints is to be tested by light water pres-^
sure on the back of the copper lining.
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TUNNELING AT ROGtU S PASS.

Al"
n sectional meeling of the Canadian Society ol

Civil Engineers, held in Montreal on January i2lh,

. Mr. J. G. Sullivan, chief engineer of western lines

for Ihe Canadian Pacific Railway, read a short

paper descriptive of the construction of the Roger's Pass

tunnel up to the meeting of the east and west headings on

December 20th last. This important work is referred to

on another page in several paragraphs of the address of

Mr. F. C. Gamble, retiring president of the Society.

Several articles have previously appeared in The Canadian

Engineer, descriptive of the scheme, of which the tunnel

is a part, for the reduction of grades, elimination of curva-

ture, removal of snowsheds, and shortening of track, in

Ihe mountain division of the line.

In his address, Mr. Sullivan first reviews the develop-

ment in traffic which ended in the decision of the company

with respect to double tracking and grade reduction, and

which directly resulted in the conclusion to proceed at

once with the driving of the tunnel. The paper contains

a number of interesting quotations from correspondence

covering methods and speeds of driving and discussing

the adoption of the pioneer tunnel method suggested by

Mr. A. C. Dennis, superintendent for Foley Bros., Welch

and Stewart, the contractors to whom the contract was

afterwards awarded.

The principles worked out together by Mr. Sullivan

and Mr. Dennis are those which have resulted in the record

progress that has been achieved. The function of the

pioneer bore has already been fully explained in these

columns, and we present the following paragraphs from

Mr. Sullivan's paper relating to the manner in which the

work is carried out, it being remembered by the reader

that the primary object of the bore is to facilitate blasting

at any point in the tunnel without interfering with opera-

tions at other points.

The pioneer tunnel at the east end is located 50 feet

to the north of the centre line of the main tunnel, and the

pioneer at the west end is 50 feet south of the centre line

of the main tunnel. The mode of operation is as follows:

The drilling in the small headings is done in the usual

manner, using in general Leyner drills, making an advance

of 6 or 7 feet for each round of holes. The muck is

shovelled by hand from steel plates into half-yard cars

and hauled back, either by a mule or small compressed

air locomotives, the latter being used after the haul got

to be a considerable distance. The muck from the headings

is carried out through cross-cuts into the pioneer tunnel,

w^here it is carried back to a cross-cut, and there carried

out on a trestle over the standard gauge tracks in the

main tunnel and dumped into standard gauge cars, from

which point it is removed to the fills in a similar manner

to the muck loaded by steam shovels in the enlargement.

The muck from the heading on the west end in a similar

manner goes into the pioneer tunnel at a cross-cut, crosses

back to the main tunnel in a cross-cut, where it is dumped

into standard gauge cars. In the enlargement of the main

tunnel the drilling is done well ahead of the shooting, .^t

first the radial holes were drilled at right angles to the

axis of the tunnel. This did not give the best results, and

it was changed to a drilling show-ing an inclination of

about one in four away from the direction in which the

tunnel is being driven. The muck is all loaded by steam

shovels into standard gauge 12-yard capacity dump cars.

Ihe shovels have dippers of i ^4 cu. yds. capacity and are

worked by compressed air. The cars are hauled to the

mouth of the tunnel by standard gauge compressed air

locomotives and from there by standard steam locomotives.

Doors are put in the cross-cuts between the pioneer

and the centre heading. .Ml of these doors are kept closed

back of the shovel, and when shooting takes place in the

enlargement of the tunnel the door at the first cross-cut

beyond point of shooting is opened. This creates a very

strong draught back over a pile of freshly shot muck and

makes conditions such that the men can return to work

in ten or fifteen minutes after a shot. The shooting of the

muck in the enlargement of the main tunnel is done in the

following manner: One round of holes is shot at a time,

the holes in the bottom of the tunnel being shot in advance

of the holes on the sides or on top. In some cases the

top holes are not shot until all of the bottom holes have

been shot out. Usually six or seven rounds of holes are

shot before the steam shovel starts cleaning up the muck,

that is, a distance of 30 ft. to 35 ft. The shooting is

generally continued until the tunnel becomes so full of

muck that no more shooting can be done. The largest

amount that was ever shot at one time was on November
20, 1915, when 84 feet was shot in eleven hours.

In conclusion, Mr. Sullivan states that all expecta-

tions as to speed ha\e been more than realized, and that

for any rock tunnel where the rock is of sufficient hard-

ness to stand until after the mucking has been done, this

method can be worked successfully and a speed of three

miles per year can easily be made at a much less cost than

tunnels driven at the same speed by the European method ;

and furthermore, the radial shooting has proven that a

great deal less over break can be expected from this

method than where holes are put in parallel with the axis

of the tunnel.

AN UNUSUAL RAILWAY IN THE WEST.

The Hudson Bay Company owns a very unique and

serviceable little railway which it constructed about 60

years ago on Grand Island, in the Athabasca River. It is

a portage railway whereby some dangerous rapids are

avoided by the passenger and freight traffic on the river.

.According to the Engineering News, the railway has

shown a profit of $1,000,000 in 60 years' service although

its cost, including equipment, was less than $1,000.

The track consists of strap or bar-iron rails on wood
stringers laid upon wood ties. The equipment consists of

two flat cars. The freight rate is $2.50 per ton, the men
handling their own goods and shoving the cars along

the line.

.\ scow going inland (downstream) lands its cargo

at the upper end of the island and then goes down the

rapids in about 70 seconds. The vertical descent is about

65 feet. In the quiet (but swift) water below, the crew

hold the boat with the oars till they can pick up a timber

thrown out from shore and attached to a light line. With
this a heavier cable is pulled out, and the boat then

hauled to shore for reloading. A boat coming out up-

stream is either taken through the rapids by tracking or

is hauled across on the railway.

Mr. Alcide Chausse, city architect of Montreal, presents

the following- fig-ures relating to building in a number of

Canadian cities in 1915, as compared with figures for the

previous year :

—

1914. 1915-

Montreal $17,394,244 .$7,486,221

Toronto 20.684,288 6,651.889

Winnipeg 12,160,950 1.826,300

Ottawa 4.307,020 1.605,160

Hamilton 3 70.'? •''<'

5

1.523.248

Vancouver 4,484,476 1,504,300

London i.837.~35 1,207.630

Halif.-ix 879,320 1,063,985
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GENERAL PRINCIPLES OF ROAD IMPROVEMENT

By W. Muir Edwards,

Prof, of Civil and Municipal Engineering, Univ. of .A.lberta.

AMONG the few subjects which are of vital interest

lo all members of the community the construction

> and maintenance of public roads should surely find

a place. To the casual observer it niigiit appear

that as the network of railways becomes closer, the outlay

required for public roads should decrease. The exact op-

posite is the true state of affairs. The construction of

branch railways means a more dense settlement of the

country, increases, therefore, the burden on the tributary'

roads, and thus justifies an increased expenditure on public

highways. Improved financial conditions coincident with,

or followmg closely upon, railway expansion results in an

increased use of motor-driven vehicles both for business

and pleasure. The increased speed of this class of traffic

requires improvement of roadways already in existence,

introduces new factors in the construction of projected

highways and makes more difficult the maintenance of all

public roadways.

In considering the economic principles governing
highway improvement and maintenance, it is well to dis-

tinguish between the several classes of both roadways and
traffic. Considering first the former, we might make the

following division, confining ourselves, for the sake of

simplicity, to four sub-heads, e.g., (i) Roads with a hard
surface passable at all seasons for any type of traffic ; (2)

roads passable at all seasons only for slow traffic, and for

the remainder of the year for fast traffic ; (3) roads im-

passable at certain seasons of the year for all but liglit

traffic, and for the remainder of the year passable for both
slow-moving loads and fast trafific

; (4) roads as above,
except that for the remainder of the year slow-moving
loads only can be accommodated.

J\.ny passageway to which we apply the term "road"
shouIB come at least under the fourth of these classifica-

tions. Such a roadway can be successively raised into

the higher classes at a cost for each improvement capable
of definite estimation. The cost of such improvements,
together with the cost in the first place, is affected greatly

by local conditions, but in general it might be said that

the cost of obtaining the first type of roadway is much
greater than is involved in any of the other three. The
raising of the fourth to the third is a matter of upkeep.
To obtain the second from the third may require some
additional constructional work, the main question, how-
ever, being upkeep, but the construction of a road with
a hard surface serviceable for all traffic at all seasons of
the year is a comparatively costly piece of engineering
work. This cost, together with suitable methods of con-
struction, will be considered in a later article. The
economic problem with which we are faced is to determine
to what extent we are justified in making the expenditures
necessary to obtain one of these types of roads. All will

agree that a road connecting each quarter section with
the point where delivery of produce may be made and at
which supplies may be obtained is essential and should
be provided. What we must consider is just how much
expenditure is justified in order that roads of the third,

second or first class may be obtained and equally important
how shall the acquired expenditure for anv of these tvpes
be allotted.

The benefit accruing from improved roadways is not
alone directly financial, but also that due to improved
social and domestic conditions in the communitv. It is

well to emphasize this latter benefit since it is not possible
to demonstrate to a farming community that, on a purely

financial basis, they are justified in spending any consider-
able sum in road improvement except in so far as such
expenditure is devoted to the elimination of features which
would otherwise unduly limit the maximum load which
may be hauled at any season of the year. For example,
an expenditure might be made to reduce a grade which at
all seasons affects the maximum load, but would not be
justified if applied to making passable at all seasons of
the year a road which for the greater portion of the time
is passable with reasonably heavy loads.

The above may not be in accordance with many of
the statements of the ardent advocates of "good roads."
However, in dealing witli the purely financial side of the
question as it affects the greatest user of the roadway,
i.e., the farmer, it must be remembered that he is

primarily a raiser of produce, and secondly, at times
which he can more or less select, a freighter of this pro-
duce to a shipping point and of supphes to his farm. The
dairyman and market gardner do not come under this
general statement, but form as yet a small proportion of
the farming community and the tonnage they move is

small compared to the total produce of the farm. Indeed,
even in ordinary farming a very considerable proportion
of the produce transports itself to market on the hoof and
is not concerned as to the class of road over which it is

driven. Moreover, in figuring the cost of the remainder
of the farm produce which is hauled to town and which is

affected by the classification of the roadway current
freight rates cannot be fairly applied.

In other words, in dealing with the saving to the
farmer we must not figure the cost per ton-mile of market-
ing produce as though this were done by a man and a
team whose sole business was the hauling of loads. If

you asked a farmer for a price to freight ten tons to a
farm five miles away he might quote you $7.50, or a rate
of 15 cents per ton-mile, but if you asked the same farmer
what it cost him to haul ten tons of his grain to an ele-

vator five iniles away he might conceivably answer
"nothing." This is, of course, not strictly accurate, but
unless there is work for the man and team on the farm
which must be done by some one else, the cost is certainly
not $7.50. So that the sum of money involved in the
transportation question is not as large as in many cases
it is made out to be. Again, the saving in being able at
any time to send his produce to a shipping point, is often
overestimated except in special types of agricultural
activities.

As has already been stated, there is no question as to
the financial necessity of a road upon which the farmer
may get to and from his point of distribution and supply.
The raising of this road from the fourth to the third class
involves little expense, but the improvement into the
second, and assuredly into the first class must be justified

in addition to financial gain by the comfort of driving over
a good road rather than a poor road, the increased ease
and possibility of frequent intercommunication and the
improvement into community life generally. It is difficult

to put these benefits into dollars and cents, but they are
very real nevertheless. That much of these benefits, not
now enjoyed, may be obtained at a reasonable outlay will

be pointed out in a later article of this series dealing with
country roads.

The traffic in the roadways might be divided into
classes, according as it affects construction and main-
tenance. We will again only attempt four such divisions,
i.e., (i) horse-drawn vehicles, loads 2 to 3 tons, speed 2 14

to ^,^ miles per hour; (2) horse-drawn vehicles, light

loads, speed 6 to 8 miles per hour ; (3) motor vehicles,
loads 10 to 20 tons, speed 10 to 15 miles per hour; (4)
motor vehicles, load about ij4 tons, speed 20 to 60 miles
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per hour. Again, as a basis of appoilioning cost, wc
might make a division into local and through tralhc. The
former might be delined as that originating in the neigh-

borhood of, and centering upon, a local shipping and dis-

tributing point and the latter as originating in, and travel-

ling between, the large centres of population. Local trallic

might consist of any of the four classes, but except in the

neighborhood of large centres where conditions are

peculiar and deserving of special treatment, would in the

main be comprised in the first two divisions with an addi-

tion of a small but growing percentage of the more

moderate speed of the fourth class. Through traffic would

be almost entirely of the fourth class.

On the basis, therefore, of the requirements imposed

by the traffic and of the nature of this traffic we might

broadly classify the roadways of the western provinces

into main highways, branch highways and coimtry roads.

The main highways would be those required by conditions

in the neighborhood of large centres and by through

traffic. The cost of these might therefore be very well

borne by the province at large, such revenue being ob-

tained from the users thereof as may be deemed advisable.

The branch highways would be the main arteries covering

ing on the local centres. The type of construction might

not be as heavy as in the case of the main highways, and

the cost might be borne by the surrounding district, with

possibly provincial assistance. The country road con-

nects up each farm with the main or branch highway and

the cost should be borne entirely by the local improvement
district or bv the adjacent land.

DISTRIBUTION SYSTEMS, METHODS AND
APPLIANCES IN IRRIGATION.*

By J. S. Dennis, H. B. Muckleston and R. S. Stockton,
Calgary, Alberta, C.iii.ula,

MUNICIPAL IMPROVEMENTS AT NIAGARA
FALLS, ONT.

According to Mr. W. C. Jepson, who has been acting

city engineer of Niagara Falls, Ont., in the absence of

the city engineer, Mr. F. J. Anderson, who is now an

officer in the 98th Overseas Battalion, the city laid

12,900 lineal feet of concrete sidewalks, for the most part

5 feet in width, during 1915. A small quantity of brick

pavement was laid, the base being concrete and with

grout filler and sand cushion. A short length of i-course

concrete roadway was also put down.

As nearly all paving work is petitioned for by the

citizens, and as these petitions are often not presented

before spring, Mr. Jepson could not give an estimate of

the probable amount of paving which the city will lay in

igi6. Last year some 2,500 feet of 18-inch main sewer
and 9,500 feet of lo-inch and 12-inch laterals were laid.

The Muddy Run trunk sewer is now the chief sewer
proposition for consideration. At the present time the

Park Street sewer is overloaded. To relieve it and to

dispense with Muddy Run Creek, which is practically an

open storm sewer running through the city, it is proposed
to build a trunk sewer estimated to cost from $250,000 to

$300,000. Of this sewer, about 3,000 feet will be in

tunnel under Huron Street, and 4,400 feet of it will be in

the open, practically paralleling the course of Muddy Run
Creek. There will be a 3 or 3J/2-ft. diameter pipe for

sanitary flow and a 5'^ or 6-ft. pipe to act as storm sewer.

This project will be proceeded with as soon as the financial

conditions improve.

Toronto's park area is now 1.S61 acres. Hifirh Park, with

335 acres, is the largest, and the Island comes next with 330.

The boulevard mileage as planned is 43.33 miles, and 1.80 has
been constructed. Ravine driveways planned have a milcag-e

of 6.38, and there have been partially constructed 7.27 miles.

THE most important part of the distribution system
is the farmer who is to use it. If the man is not

successful, the project is a failure. When an irri-

gation project is proposed or built, its primary

object is to make homes on the land. There may have
been other reasons for its construction, but unless the

first is accomplished, no matter how well the project is

conceived, or how much engineering skill is shown in its

construction, it cannot be considered a success.

The secrets of success are as follows :

—

(i) A sufficient water supply. Many projects have

been constructed in the past with little or no attempt to

ensure a sufficient supply of water for the irrigation of the

lands. The necessary assurance that the available sources

of supply are sufficient, can be attained only after obser-

vation covering a long period of years. Such work is

beyond the resources of any private individual or corpora-

tion and should be undertaken by the governments.

(2) Good construction. This must be considered as

a term of which the meaning is relative. A quality or

character of construction which would be considered

necessary in an old and established country might be

sinful extravagance under pioneer conditions. Many of

the failures in new countries may be charged to setting

too high a standard for the construction of the works.

New countries find it difficult to raise capital but have

little trouble in paying maintenance charges, and even if

the ultimate cost is higher by reason of temporary ex-

pedients in first construction, the project may be better

off in the long run. This is also true in a divided sense.

It may pay to adopt a high standard in the large main
arteries of the project on which the settler has to pay for

the maintenance, and a much lower one in the distribu-

taries where he does the actual work himself.

(3) A well organized system for transporting and
delivering to the settler, the water on which he depends.

Mere capacity to deliver water matters little to the success

of the project. It must actually do so in the proper

quantity and at the time when it is most required. It is

true, too, that while a well organized operating force can

go very far towards success, it cannot go all the way.

Quite as much, or even more, depends on proper use of

the water after it is delivered. To this end the settlers

and the canal management must co-operate.

Where irrigation by flooding is the general rule, it

is to the settler's individual interest that he obtain water
in as large a "head" as possible at certain critical times,

but it is manifestly impossible to build the whole canal

system large enough to provide such a head for all the

settlers at the same time, hence, it is to the interest of the

community that the available supply be made to go as far

as possible without restricting any person in the use of a

practicable irrigating head. Evidently, these two require-

ments conflict and can only be reconciled by co-operation.

Let the settlers so prepare their land and diversify their

crops as to be able to take turns at the available supply,

or else let them learn to get along with a small uniform
head delivered continuously. Neither is impossible and
both have been worked, but it is generally conceded that

the former is the preferable arrangement.
Good Design.—It is also evident that proper design

of the distribution system is of very great importance in

successful management.

• From a paper presented At the Tntcrnational Engineering Congress, in

San Francisco, Cat, September 20-95, 'S'S*
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The distribution system for a large irrigation project

divides itself into several parts, which although closely

inter-related, present certain individual aspects in con-

nection with the location, construction, operation and
maintenance of these unit parts. These different parts of

an irrigation system will be considered under the heads

of Main and Secondary Canals, distributary ditches and
the farm ditches used in irrigating individual holdings.

The managers of practically all large systems con-

structed in the last ten years have agreed as to the ad-

visability of the policy of building the system complete to

a delivery at the boundary of the individual holding or

farm unit. The reasons for this are, first, the economy
in cost and the engineering skill available for the location

and construction work ; second, the fact that a farmer
starting in on a new place had enough to do during the

first few years to prepare his land and build the farm
ditches for irrigation. It may be pointed out just here,

that one of the greatest sources of failure of new settlers

on irrigation projects, is their inability or failure to suit-

ablv prepare the land and extend the distribution system

Avithout which their efforts at irrigation lead to disappoint-

ment and fault finding, and very frequently, to an absolute

failure.

The engineering problems connected with the location

and construction of the main canals are many and varied,

but are well understood by the men who have followed

lhis line of work. The important matters of general policy

affecting this part of the system concern alternative use of

timber and concrete or masonry for the structures, the

dutv of water and the method of delivery, the source of

water supply and land to be covered. In Canada, the

lands to be irrigated, the water supply and the construc-

tion of works must all be investigated and approved by

the Dominion Commissioner of Irrigation, which insures

that fake irrigation companies do not discredit legitimate

irrigation enterprise.

The distributary ditches carrying water to the indi-

vidual farm units do not present any very large engineer-

ing problems, but they do require, for satisfactory results,

a knowledge on the part of the locating and constructing

engineers of the detailed and practical requirements of

irrigation as carried out in the field bv the farmer and an
experience in operating and maintaining such ditches and
the various structures that are a part of them.

The size of the distributary ditches should be deter-

mined not by the duty of water, but by the size of the

head of water that it is desired to deliver to each water
user, and the method by which such water is to be de-

livered. No matter how the water right is stated, the

practical requirements of irrigation necessitate a delivery

by rotation in sufficiently large heads to insure the rapid

and economical irrigation of the land with a minimum
waste of water. Such a system enables the crops to be
irrigated at the proper time and increases the duty of

water. It enables the farmer to cultivate as well as irri-

gate his land, which is of fundamental importance. On
large holdings, the rotation may be carried out as between
dilTerent parts of the farm, but with smaller holdings a

compulsorv rotation is most desirable. The distributary

ditches should he designed and built to carry a flow of at

least two cubic feet per second to each delivery. This

allows a satisfactory irrigating head for flood irrigation,

which system is considered to be the best adapted for the

majority of cases where the holdings are large, the slopes

good and the crops consist largelv of grain, hay and roots.

Distribution of Water to the Farm.—The proper place

for main laterals is on the divide or watershed If they can

get there, or as near as possible if they cannot. The dis-

tributing laterals should follow the line of quickest

descent, to avoid interfering with drainage. This latter

is not always feasible owing to the rectangular system of

land subdivisions in use in some countries and a compro-

mise must be arrived at whereby the laterals follow the

survey lines as far as topography will permit. This com-
promise always results in some interference with drainage

and almost always costs more in consequence. Another

very important feature in the design of the distribution is

the provision of a sufficient number of tail ditches. These

are to carry surplus canal water into the natural drainage

lines of the country and should not be confused with

drainage ditches which are those built to assist the natural

drainage lines in disposing of surplus irrigation water or

precipitation. Tail ditches are an operating convenience,

drainage ditches, an agricultural necessity. Under favor-

able, though unusual topographical conditions, it is

possible to so arrange things as to combine the drainage

ditches and the lateral system into one over a portion of

their length. The system is not a good one, as it aggra-

vates any tendency toward salting or alkali and sometimes

results in silting up the natural drainage lines unless they

have a very pronounced fall.

Distribution on the Farm.—If the distribution outside

the farm is the vital point in successful operation, the

proper distribution on the farm is the most important

factor in successful agriculture. No matter how regular

nor how certain the water supply to the farm may be, it

is worse than useless if not properly applied to the land.

There are many methods of irrigation in use, the

choice in individual cases resting on many factors, such as

character of crop, soil, subsoil, slope, preparation of land,

custom of irrigator, available labor and many others. No
matter what method be used, the farmer must build on

his own land a miniature system to distribute the water.

Part of this system will be permanent and part only tem-

porary to be ploughed each year. Economical and proper

use of the water is impossible unless the land is properly

prepared to receive it, and it is just here that many irriga-

tion projects have come to grief through lack of considera-

tion of the problems of the water user, and not extending

to the man on the land such advice and assistance as will

enable him to advance on right lines.

Construction.—It is not sufficient for economical

operation that a system be well designed. It must be well

constructed. It is not meant by this that the highest

standard shall be used, but merely that what is done shall

be well done. It is a question which is the most difficult

to operate cheaply, a well designed, badly constructed

system, or the reverse. If anything it is the latter, for

faults in construction can usually be remedied but faults

in location are persistent and in many cases impossible

to correct.

This should not excuse bad construction, however.

Bad construction is seldom cheap in the first cost and

never economical. It is usually the result of too little at-

tention to small details and to lack of proper supervision.

Costly design may be easily almost nullified by cheap

supervision. One verv common cause of trouble is breach-

ing banks. Sometimes this is attributed to omission in

the specifications but it is generally due to non-observance

of the provisions which are in them.

The methods and tools used in earthwork naturally

vary much with local conditions. In North .America,

horse power and tools, except in the very largest canals,

are well nigh universal. When manual labor is cheap,

other methods would be used. The same applies to

structures. A design or a material, or a method of con-

struction suited to India would be out of place in Canada,

and a design suited to a tropical climate would be alto-
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gcihci wroiit; in a imiihcrii cliinaic, wIkii I'rosl is one of

the principal agencies of destruction. Again, too, con-

struction by contract may be advisable under one set of

circumstances, and the exact contrary in another. There
is no doubt that there is great economy in building

structures of a permanent type in the main carrying canals

when the money available will permit of this policy. Such
structures besides being more economical as to actual con-

struction and maintenance through a series of years, also

add to the reliability of the canals and this feature is a

rnost important one in giving satisfactory service. The
failure of a dam, headgate or drop, in a main canal at a

critical lime, may not only entail a considerable loss to

the farmers individually and a large total loss, but does
more than anything else to bring about dissatisfaction

among the water users.

Maintenance.—One very important, factor and a fre-

quent cause of trouble, especially in co-operation schemes,
is insuHicient attention to maintenance and renewals. A
structure shows signs of requiring attention, but for
various reasons, such as lack of funds, or because it is no
person's particular business, nothing is done. It fails in

some part and is hastily patched up, finally it fails as a
whole at a critical time and soinething approaching dis-

aster may result. Proper attention at the right time would
probably lengthen its life very considerably and would
certainly avoid the 'disastrous results of a failure when
such can least be afforded.

Engineering.—Another very important prevalent
cause of trouble, especially in co-operation schemes, is

cheap engineering. This does not necessarily mean cheap
men in charge. On the contrary, it is not unusual to find

expensive consulting engineers without sufficient funds to
make the proper surveys when they are most needed. Al-
most invariably it will pay to spend a considerable sum
on an accurate topographical survey of the whole area to
be included in the project. There are very few projects
where an accurate large scale topographical map would
not save its cost many times over, but comparatively
speaking, how few there are, where such a map is avail-
able on which to project and co-ordinate the whole svstem
down to the last detail or even beyond. For instance, a
settler needs aid or advice in preparing a diflicult piece of
land

; with an accurate map available, a scheme can be
worked out in the office and carried out on the field with
little change; without it, a special survey must be made.
Again, it is not unusual to find the work as a whole in
very competent hands, but for lack of funds the details
are placed in charge of inexperienced men who have to
acquire their knowledge at the expense of the constructing
organization, with a resulting cost far in excess of what
it need have been had the proper skilled assistance been
available from the start.

Management.—Many projects suffer from pettv eco-
nomies in the management. A competent manager is

worth an adequate salary and should get it, for he can
save its cost many times over. It is hard to convince canal
companies of this fact and as a result we find costly pro-
jects in the hands of cheap managers with the inevitable
result of unnecessarily high operating charges. Large
corporate or government managed projects do not suffer
to the same extent from this cause as the small co-
operation schemes, but even then it is not unknown. The
necessary qualifications for a competent manager, of
course, vary with the condition under which the project
is operated. The successful manager, who has been ac-
customed to Indian or Egyptian conditions, might fail

utterly under conditions as they exist in North America.
So, also, the organization must differ. Some of the

governing factors may he outlined as follows:

(i) The extent to which the settlers arc organized,

or, in other words, to what extent do they relieve the

management of the whole or a part of the details of opera-

tion and maintenance?

(2) The size of the project. Evidently the organiza-

tion of a project covering two or three hundred thousand

acres must be more complex than one of two or three

thousand.

(3) The type of the project. Distribution by open

ditches must need a different organization from distribu-

tion by pipes, and pumping projects from purely gravity

projects. Again, a project which is divided into units by

well marked natural features differs from a project con-

fined to one vallej with one long straight-away canal.

Character of construction also enters, as on it depends

that which requires most supervision, operation or main-

tenance.

Another and very important factor is the character

of the settler. By this is meant his race or nationality,

the system of government to which he is accustomed, his

habits and customs. The laws of the country are im-

portant, so also is the respect in which laws are held,

considered as a national or racial characteristic.

COST OF DRILLING ANCHOR BOLT HOLES FOR
QUEBEC BRIDGE.

The following is a detailed statement, for which we
are indebted to Engineering and Contracting, of the cost,

for labor and material, of drilling the anchor bolt holes

for the Quebec Bridge. The holes were drilled with a

"Calyx" core drill, the diameter of the drill being 4^-^ ins.

and that of the core 3!^ ins. The number of holes drilled

was 176, and the number of linear feet drilled 800, or an

average of about 4.6 ft. per hole. The holes were drilled

through solid granite. The costs given include every item

except power for operating the drills, the drills being

driven by a 5-h.p., alternating-current, electric motor. It

will be noted, from the following data, that the cost of

drilling, including equipment but excluding power, was
$2.50 per linear foot.

Labor.

Dougherty, at north shore $ 263.60

White, at north shore 238-25
Brown, at north shore 16 . 50

Mooney, at north shore 51-80
Raymond, at north shore 72 . 10

Dougherty, at south shore 291 .80

White, at south shore 285.40

Total labor $1,219.45
Travelling expenses, Dougherty 40. 22

Total $1,259.67

Material.

Calyx shot drill $ 450.00
Belting, 1 2 ft. 3 ins i . 7(1

Shot, 2,000 lbs 100.00

Express on shot 3 -oo

Drill spindle, 4 ft. x 6 ins. long, one 22 .85

.Shot feed complete, one 4 - 50

4-in. shot bits, eighteen 117.00

i-in. stop cocks, two .1 .8(1

4-in. core barrel plug, one 1 5 ^"^

4-in. X 2-ft. core barrels, two 16.00

i6-ft. 3-in. belting and rivets 9-53

Total material $ 742.00

Total labor and material $2,001.67
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NOTES ON TUNNEL SURVEY WORK
METHODS OF DETFRMIXATIOV OF DIRECTION BETWEEN SHAFTS
AND OF TRANSFER AND EXTENSION OF LINES UNDER GROUND.

By M. H. Marshall, A.M.Can.Soc.C.E.,
Assistant Engineer, Irrigation Office, Dept. of the Interior, Calgary, Alta.

WHILE descriptions of tunnel constructions are
fairly numerous, very little has been written

about the methods of carrying out the surveys
for such works and the following article is an

attempt to make these methods plain to such engineers

as are not familiar with the procedure usually adopted.

Usually when a contract is let for a tunnel or other

work the contractor rushes his plant to the site and ex-

pects to start at once, so that it is important that all the

surveys should be completed before the plant is placed on
the ground. While this is not always possible, it is cer-

tainly advisable, since, if the location of the centre line

of the tunnel is known, the engineer can generally arrange
for the hoisting plant to be so placed as not to obstruct

his vision ; whereas if the plant is once erected on the site,

it is difficult to get it moved and will probably result in

the engineer having to offset his line, practically doubling

his work.

In cases where a tunnel is driven on a straight line

from shafts which are in view of one another or which can
be seen from an intermediate point, no special survey is

required, as a hub can be set on the highest point between
the shafts and a line ranged to it from each of them. An
accurate chainage should, however, be taken between the

points so that the grade elevations of the tunnel may be

determined or the survey connected with other parts of

a system.

When, however, the shafts are in such a position that

they cannot be seen from one another or when a curve is

introduced in a tunnel, the P.I. of which cannot be seen

from both shafts, a triangulation becomes necessary.

Before starting on the survey it is a good plan for

the engineer to walk over the ground, following the pro-

posed location as nearly as possible, as by this means he

can get a good idea of the best way to arrange his survey

work. Triangulation stations should be kept clear of the

sites for shafts which are generally in some predetermined
position ; if this is not done the points will disappear as

soon as the excavation is started, neither should they be
placed too close to the shaft, as movements of the earth,

due to settlement and also to vibration of the machinery,
are liable to disturb them.

Points from which lines are to be given for driving

tunnels should be carefully referenced to other points, as

far away as practicable.

In making a triangulation survey contained angles
should be read and not deflection angles, as this will tend
to eliminate errors due to transiting the telescope. Each
angle should be read accumulatively, starting from a point
near zero and the mean of the total reading taken. This
will eliminate, as far as possible, errors in the graduation
which exist in all transits. Four to six readings should
be taken and the angle read on both verniers. The object
in not setting the verniers at zero at the start is to avoid
bias. Station points may be made of wood or steel and
should be strong enough to stand hard driving. If wood
is used they should be made of seasoned timber about
3-in. X 3-in. section and about 12-in. to 15-in. long,
driven to within 2 in. of the ground surface. When the
stake is fixed, a fiat-headed nail with a head about '< in.

diameter is driven in the centre of it and the centre of the

nail is marked with a steel punch. Steel pikes are used
for driving in concrete or macadam highways and should
be from 4 in. to 6 in. long and ^^ in. to i ^ in. diameter,-

sharpened at one end. These are driven flush and a punch
mark placed in the centre as before. When giving a sight

to the observer a steel arrow point is held vertically in the

punch mark and a whitened board or paper held behind
it; or a tripod may be set up and a plumb-bob hung
directly over the point.

For plumbing over the punch mark at the instrument
station, a wind shield made of a piece of stove pipe about

4 in. in diameter, with a hole cut in one side at the bottom,
will be found very useful on windy days. The plumb-bob,
which should be heavier than ordinarily used, is dropped
through this and can then be brought to perfect steadiness

in any weather.

While agreeing that the importance of the operations
may justify in some cases the use of special appliances for

making tunnel surveys, it has been the experience of the

writer that most of these can be made by the engineer
himself at a much less cost than they can be obtained
from instrument makers and while not presenting so fine

a finish, give just as good results in practice.

Bases are usually chained with loo-ft. steel tapes Y^
in. wide, and the temperature at which the tapes used are

standard, should be known.* The makers will supply
this information or the tape can be compared with a gov-
ernment standard. Corrections are made on the basis of

o.oi ft. in 100 ft. for each 15° Fahr. rise or fall in tem-
perature. Measurements should be made both ways and
no attempt should be made to read even 100 ft. For
chaining points between stations, small spikes or stakes

may be used, lined in with the transit and marked with a

punch mark or pencil.

The intermediate points should be determined by the

slope of the ground and elevations taken at these points

with a level. It is then a simple matter to reduce the slope

measurements to horizontal measurements, which is done
as follows :

—

Corre
Diff. elev.

'f'cfed
s/o;

?!^'^fance

Horizontal distance = H

H v'S^ — v=

A reliable spring balance should be attached to the tape
and a uniform pull of 12 lbs. applied when taking
measurements. It is a good idea to set out, on a level

floor or walk at headquarters, a standard 100 ft., so that

a daily check can be made before starting work and cor-

rections made accordingly.

The transit should have a 6-in. or 7-in. limb with
verniers or micrometers reading to 5-in. or lo-in. sections

by approximation if the triangulation is elaborate and to

2o-in. for more simple triangulatlons. It should be fitted

with cross-hairs set at about 70 in. to one another as this

* About 62° Fahr.
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arrangcnu'iii allows the sigiiiiiiy lines lo be more readily

centered and bisected than a vertical wire. An adjustable

head for centering is also essential.

Fig. 1 shows a triangulation made lor the purpose of

determining the line of a tunnel about 3,200 ft. between

shafts. This tunnel was driven through blue clay and

presented no particular construction difficulties. When
the junction was made the centre lines were found to be

practically parallel and about J4 in. apart. The district

under which the tunnel was located was thickly populated

and covered with houses and trees and no direct sight

could be obtained between the shafts. A triangulation

was, therefore, necessary.

The line paralleled a steep side hill which sloped to a

river, upon the opposite bank of which were extensive

flats. These offered an exceptional chance for securing

a good level base and points D, E, F and G were estab-

lished across the river.

The only line upon which a traverse could be run

along the top of the hill was along a winding lane and a

check triangulation was made on this route.

Starting at a point west of the first shaft which we
will call A, another point, C, was established down hill

on the left bank of the river and a point D was established

on the right bank on the same line. The river was too

wide for a direct measurement. A point H on the tunnel

line was fixed by the position of a manhole and could be

seen from A.

The angle .\ H D was then noted and also an angle

PAD taken to connect the survev with other work, and

A to D. This was done by solving the triangle C U li

from which the distance was found lo be 179.69 ft., which,

added to the distance A C, gave a total distance of 870.50

ft. from A lo U.

The triangulation system was then divided into three

triangles, A D V, F G B, and A F B, which were solved

in the order named, care being taken to make any adjusl-

menls necessary, any differences being divided out pro-

portionately. The distance between the points A and B
was thus computed and found to be 3,245.60 feet and the

angles which it was necessary to turn at the points A and

B from the bases to establish the centre line were de-

termined.

The traverse was then checked by latitudes and de-

partures and the distance A B computed to be 3,245.61,

which was practically a dead check. A summary of this

check is given.

Bearing.

S.

N. 73° .25' E.

S. 89° .56' .46" E.

N. .54 .54

S. 73° .31' -44'

E.
W.

Length of

course.

Feet.

870. 50

2,447-12

496.25
1,125.88

3,245.61

Lat.

870.50

698.43
0.50

1,092.83

920.23

Dep. Diff.

Lat.

2,345-33

496.24
270.85

3,112.41

172.07

172.57

920.26

0.03

Diff.

Dep.

2,345.33

2,841.57

3. 112. 4-

0.0

1

^""'ZtSTB

Bases Measured, in Full Line ; Bases Calculated, Broken Line.

the distance between A and C was measured as previously

described. The outfit was then moved across the river

to D and a line ranged and measured to point F and also

from F to G. The angle A D F was then noted and an

intermediate point E established at 200 ft. from D to

enable the distance C D to be calculated. The angle

DEC was then read. A point B east of the second

shaft could be seen from both F and G, and angles were
taken at these points to this station from the bases D F
and F G.

The measured bases are showm full in the diagram
and the calculated sides are shown dotted. Sufficient in-

formation having been secured to complete the preliminary

triangulation, the work was plotted in the office and the

calculations started.

The base measurements were first corrected for tem-

perature and then reduced to horizontal distances and the

survey was plotted from the information obtained. It

was first necessary to calculate the distance C D across

the river so as to secure a continuous measurement from

Upon working up the check traverse made between

the points A and B along the hillside the results were

found to agree very closely with those previously obtained.

The triangulation described is a fairly simple one, but

the methods adopted can be applied to a more elaborate

system if required.

Before construction starts, bench marks should be

established well clear of each shaft for the purpose of

fixing the grade elevations. They should, as far as pos-

sible, be placed so that the levelman can see both the

bench mark and the shaft, from his initial set-up, midway
between the points.

When a tunnel is projected under a city, following

or crossing street lines, it is sometimes advisable on ac-

count of traffic interference, to make the surveys at night.

The temperature is then more equable and the sight when
illuminated, can be clearly seen by the observer. .\ box

about 12 in. square with a front of Ir.acing linen or frosted

glass is used hehiiul the sighting points and is illuminated

in anv convenient manner.
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Having discussed the method of determining the

<iirection between shafts, it is now proposed to give a

siiort description of the method of transferring the lines

underground and prolonging them until a junction is

elTected between the workings from adjoining shafts.

The first business is to lay out the working shafts,

which should be upon the centre line if possible, although

this is not always feasible. They should be long enough
to give about 10 feet in the clear between the plumb-lines.

As soon as the shaft has been timbered up and excavation

started, a nail is driven into the timbers and a distance

marked, showing depth from top of nail to subgrade. As
soon as bottom is reached, line will be required by the

miners for opening up the sidelengths.

The direction being known from a given point, the

instrument is set up and an angle turned that will give

the proper direction, or if a point has already been

3t

Fig. 2. Fig. 3.

established on the centre line this is sighted on very care-

fully, so as to bisect the arrow or plumb-line. The tele-

scope is then depressed and a point given on a brace on

either end of the shaft; six-inch iron dogs, as Fig. 2, are

then driven central to these points, care being taken to

see that a line dropped from the dog will clear all obstruc-

tions below. The dogs being driven fairly tight, a small

plumb-bob is dropped over them and the telescope focused

on the cord, which is then moved so as to bisect the line

of sight and a pencil mark is drawn on the face of the

dog on either side of the cord. A file nick is now made
between the lines about 1/16 inch deep and plumb-lines

dropped to the bottom of the shaft. The transit cannot

be used in the bottom until one or two tunnel lengths have

been excavated and completed, but centres can be given

with sufficient accuracy, by stretching a cord from the

shaft into the tunnel and adjusting it so that it just touches

either plumb-line.

Some engineers use a slow-motion screw device for

bringing the lines into adjustment but the iron dog will

be found to give as good results, and perfect adjustment

can be secured by striking the shoulder of the dog with a

hammer, so as to draw the line over as required. The
usual practice is to use 25 B.W.G. piano wire for the

plumb-lines, but the writer prefers to use a strong plaited

line, such as is used by sea fishermen. If this is treated

in a bath of boiled oil and dried it will remain waterproof

and be free from kinks, and will give considerable service.

It has the further advantages of being easier to handle

and requiring a lesser weight to bring it taut. The piano

wire requires at least 20 lbs. to effect this, while about

7 lbs. is sufTicient for the cord. This difference in weight

will be appreciated by the assistant who is responsible for

carrying the weights around.

For use with the cord, the writer designed a plumbing
weight as shown in Fig. 4. The body of the weight is in

the shape of a shell with three vanes cast on the sides at

angles of 120°. A screw top similar to those used on an

ordinary plumb-bob is fitted and the line knotted through
this. When the lines are dropped down the shaft the

plumb-bobs are suspended in a pail of water and the

tension on the cord will cause them to rotate. The vanes,

however, soon stop this movement and the lines come to

perfect steadiness in a verv short time. Care must be
taken to see that the plumb-bob does not touch the pail

anywhere, or that the lines are fouled bv anv of the braces.

When it is desired to project the line into the tunnel,

the transit is set up behind the back line, just near enough
to clearly focus it, and the instrument is set on the centre
of the line. The focus is now altered to catch the forward
line which will probably be found to be off. The transit

must now be moved either to the right or left and the
operation repeated until both lines are exactly bisected

when in focus. When this result has been attained a

point may be given in the tunnel as far ahead as can be
seen and two intermediate points should also be established

on the permanent work. If, on checking the line at some
later date, these three points are found to agree they may
be adopted as a permanent base and the line extended
from them.

For fixing centres in a brick-lined tunnel, a small

steel dog, made as Fig. 3, is very useful. This is driven

astride the keying course so that a space is left between
the inside of the dog and the brick. When giving line a

plumb-bob is suspended by a cord, with a lighted screen

behind it and the line moved until the transit bisects it.

A pencil mark is then made on either side of the line and
a nick filed between them. The plumb-bob is now hung
in the nick and the line adjusted by tapping the dog with

a hammer until the line is truly bisected.

The ordinary tripod will not be found of much service

underground as it is difficult to obtain a rigid foundation,

on account of tracks, etc.

To overcome this, a platform is sometimes suspended
from the roof and rigidly braced and the transit is placed

upon this on a small tripod. The observer's seat should

be independent of the platform. A sketch of such a tripod

made of malleable cast iron suitable for a three-screw in-

strument is shown in Fig. 5. For an instrument of

ordinary design, a screwed ring must be attached to the

body of the tripod. The tripod shown in the sketch has

y grooves cut in the top at angles of 120°. The ball at

the foot of the levelling screws rests in these and the

weight of the instrument will retain it in place. A hole

about 3 inches in diameter is cast in the top of the tripod

so that a small plumb-bob may be dropped from the in-

strument for centering purposes. This is very useful

Fig. 4. Fig. 5.

when ranging curves, for setting over the B.C. or other

points.

For small tunnels up to 12 feet diameter it is best to

use a plank wedged across the tunnel at springing for a

platform. The top of the plank should be cleaned, so that

the tripod can be moved easily upon it when making
lateral adjustments.

When a curve occurs in a tunnel, the P.I. must be

carefullv located by a surface survey and then established

in the tunnel from the information obtained, although this

cannot always be accomplished owing to the point coming

outside the limits of the tunnel section.

In such a case, when the B.C. has been established,

the point is plumbed on to the platform and the transit

set up over the point, a sight being taken on the back
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langenl. I'lic telescope is then transited and an angle
turned olT, which must be calculated from the distance of

the face from the B.C. This point should be checked by
ai^ain sightint; on the back tangent with the telescope

turned through an angle of iSo° from its original position

and then reversing and setting out the same angle as be-

fore, the mean of the two observations being the correct

point on the curve. This process is continued as far as

can be seen, when the transit is moved forward to an
intermediate station and the usual procedure followed.

When tlie ciuve is completed and the E.G. established,

tlie transit is set over it, a sight is then taken on one of

the intermediate points and an angle turned which will

give the direction of the forward tangent. This should be
very carefully checked as soon as the tunnel has pro-

ceede3 far enough to give a good working base line for

the new direction.

It frequently happens that the B.C. is so near the

working face that a point on the curve cannot be focused.
In such a case a line fastened to one of the back points
on the tangent and passing \ ertically over the B.C. is

stretched into the heading and a cord measurement taken
from the B.C. to the approximate centre. The deflection

angle is then calculated for this cord and the natural sine

of this angle multiplied by cord length will give the
length of an offset from the produced tangent, at right

angles to it, that will pass through the centre, at the end
of the cord.

Grade elevations are established as follows: The
grade at the shaft being determined, a stout nail is driven
in one of the top braces of the shaft and the elevation of

the head noted. A steel tape is then lowered vertically

down the shaft and another nail fixed about invert level.

The difference between the heads of the two nails is then
measured and the measurement subtracted from the eleva-
tion of the upper nail, will give the elevation of the head
of the lower one. This can now be used as a turning point
from which bench marks can be established through the
tunnel. These are sometimes placed in the roof so as to
be clear of interference from traffic, the rod being inverted
when a reading is taken and the reading added to the H.I.

Engineers who have to deal with tunnel work will find

many conditions arise that do not occur in ordinary
practice but a little ingenuity will generally overcome all

difficulties.

The methods outlined will be found sufficient to cover
most of the problems that occur in ordinary practice, such
as sewer, water or other tunnels, and will also form a
basis for more intricate cases that may occur requiring
special methods to determine the alignment.

SUBMARINE OIL PIPE=LINES.

Owing to the unfavorable nature of the comparativelv
shallow water close in to the coast, the Mexican Eagle Oil
Company originated the idea of laying submarine pipe-lines to
points where the largest tankers could be conveniently moored
for loading purposes at any state of the tide and weather.
They have three deep-sea loading berths at Tuxpam Bar with
duplicate pipe-lines to each berth ; the Penn Mexican Fuel
Company also has two loading berths equipped with pipe-
lines in duplicate. The lines terminate in 43 feet of water,
which is below wave-action, and at the point where the pipe
ends 120 feet of armored flexible hose is attached. The free
end of the hose is closed by a blank flange and allowed to lie
on the sea-bottom when not in use, its position being marked
by a buoy with a chain sufficiently strong to lift it.

The rise and fall of the tide is approximately two feet, so
that the depth of water, 43 feet, is sufficient for the largest
tank steamers to load at any time. Tankers of 15,000 tons
dead weight, drawing 2S feet, arc regularly loaded.—Journal
of the Royal Society of Arts.

ENGINEERS' CLUB, TORONTO.

The annual meeting of the Engineers' Club of To-
ronto was held last Thursday night, h'ebruary 3rd, at the

Club headquarters, about forty members being present.

The chair was occupied by Mr. G. H. Heys, president

of the club, who, in presenting the annual report, made
reference to the disturbed conditions of the country and
their effect upon the membership.

A very healthy feature of the report is the present

membership of the club as compared with that of a year

ago. At the close of 191 4 the total membership of the

club was 455, whereas at the end of December, 1915, the

total membership was 493. Furthermore, since then

49 new members have been accepted, making the present

membership 542.

In the course of his address, the president paid a

fitting tribute to those members of the club who are serv-

ing overseas. Of these, there are 28, and included in that

number there is one on whom has been conferred the title

of "C.M.G." and another, a member of the general staff,

has won the D.S.O.
In view of the Important engineering works that are

being carried out and proposed in and around the city, the

hope was expressed that with the large number of men
who must necessarily be engaged on these works, together

with the present membership, the year 1916 should prove

a very successful one for the club in every respect.

Votes of thanks to the retiring president for his pains-

taking and able administration in 1915 and also to the

secretary and the staff were proposed and most heartily

supported.

The five new directors elected at the meeting to take

the place of those retiring were : Messrs. H. G. Acres,

Alfred Burton, J. B. Carswell, T. H. Stevens and M. P.

White.
The full Board of Directors for the year will be as

follows : Messrs. H. G. .'\cres, J. R. W. Ambrose, W. A.

Bucke, .Alfred Burton, J. B. Carswell, E. L. Cousins, A.

G. Gumming, D. .\. Dunlap, .Arthur Hewitt, Ghas. H.

Heys, Chas. \V. Power, L. V. Rorke, T. H. Stevens, M.
P. White, T. S. Young.

Altogether the meeting was a very encouraging one

and augurs well for a very successful year's work. After

the meeting refreshments were served.

STEEL BILLETS FOR GREAT BRITAIN.

Mr. J. E. Ray, Trade Commissioner, Birmingham, has
cabled the Department of Trade and Commerce, Ottawa, ask-

ing for quotations from Canadian manufacturers in connec-

tion with five hundred tons steel billets, three inches square,

eighteen feet long, carbon point ten point fifteen ; and same
quality four square, two feet eight inches, carbon point three

point thirty-five, earliest delivery c.i.f. Liverpool. Quotations

are also asked c.i.f. Liverpool, earliest delivery for square
steel billets, 200 tons each, size 2 inches, 2 3-< inches, 3 inches,

3 5-2 inches, 4 inches, lengths 16 to 18 feet, carbon point i to

point 15. It should be stated whether process is acid or basic.

Firms interested are invited to cable Mr. Ray quotations forth-

with.

The Department of Highways. Ontario, will be pleased to

receive current catalogues and literature from manufacturers
of and dealers in roadmaking material and equipment. Geo.

Hogarth, Chief Engineer of Highways, Parliament Buildings.

Toronto, Ont.

The 1016-17 estimates tabled in the House of Commons
by the Minister of Finance recently provide for the organiza-

tion and equipment of an Explosives Division of the Mines
Branch, Department of Mines, Ottawa, for investi'rative work
in connection with the manufacture and storage of explosives.
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CANADA'S CAPITOL FIRE.

Whether the great conflagration in Ottawa last week
was the result of incendiarism is still a questionable

matter. It is doubtful if the Commission which is to in-

vestigate the origin of the Parliament Building fire will

be able to satisfy itself as to whether it was the crime of

an enemy, the caprice of a maniac, or the outcome of an

accident. But, at all events, the Commission will take

cognizance of the rapidity with which the fire spread and
of the inflammable nature of the interior of the building.

As an edifice of architectural beauty the central

structure of the Ottawa group of federal buildings has

been the pride of Canada for half a century. Older than

the Dominion itself, its corner stone was laid in i860 by

the Prince of Wales, the late King Edward VII. W'hile

the original building cost $5,000,000, it is doubtful if an

equal sum could replace the added embellishments and

interior grandeur.

Its destruction has been serious ; above all, in deplor-

able loss of life and in physical injury to many of our

statesmen upon whose shoulders rests at this crisis grave

responsibilities. Next in importance, probably, has been
the obliteration of volumes of records, documents, parlia-

mentary proceedings, papers, etc., not in the library or

vaults. This loss will be felt for many years to come.
There is also the serious disruption and distraction of an

important parliamentary session. There is, lastly, the

building loss.

That the fire leapt with incredible speed over the

recently shellacked floors is common to the reports of

many of the rescued. Induced by heavy drafts, a little

headway, and the great edifice became a formidable

fire trap.

It is to be hoped that Parliament will see its way clear

to proceed immediately with the construction of a new
federal home ; that the design will demand the strictest

devotion to the science of fireproofing, classical and

grand though the architectural features may be made;
that the idea of modern fireproof construction be extended

without delay to other buildings of the Capitol group ; and

that the Government library, which by good fortune

escaped with damage by water alone, will be among the

first to receive attention in this respect. Had the fire

destroyed the Ottawa library, Canada's loss would have

been considerablv greater than it is.

THE COAL SITUATION IN SASKATCHEWAN.

There is a serious shortage of coal in the province of

Saskatchewan at the present time, according to press

dispatches. It was announced in the Provincial Legisla-

ture on January 31st that in a certain village people are

closing their homes and going to live at the hotel, the

latter being the only place securing a supply of coal. The
report states further that farmers were driving 50 and 60

miles in search of purchasable fuel. The severity of

winter conditions during the month of January practically

paralyzed transportation facilities in many sections, and

the fuel situation has accordinglv become acute.

This seems strange in a province possessing large

coal deposits. .Vccording to a recent report prepared by
Mr. D. B. Dowling, of the Geological Survey, the Souris

area, comprising eight townships, is estimated to contain

2,304,000,000 tons of coal, while the western portion of

the province contains, in an area of about 5,900 square

miles, deposits probably aggregating 24,000,000,000 tons.

The latter figure is an approximate estimate, but the

Souris deposits have been calculated from .investigation of

actual thickness and extent of seams.

Coal is of many varieties, however, and the Saskatch-
ewan deposits furnish fuel of the lignite class only. Some
of the physical characteristics of this lignite in its raw
state prevent its successful and economical use. .A.s a

result, the production during recent years has been in no
way comparable with the increase in population. There
has, accordingly, been an increasing dependence upon
outside sources of supply, with the resulting dearth of fuel

at the time of greatest need, viz., when the railways are

tied up owing to stormy weather.

There are 12 operating coal mines in Saskatchewan.
In 1914 these produced 232,299 tons of coal, averaging

$1.61 per ton. :\lthough this is the largest output on

record for the province, the average for the past four years

has been 219,080 tons—extremely small in proportion to

the needs of the province.

The importance of devising suitable methods of

utilizing the large resources of lignite have been brought

to the attention of the government and the results of in-

vestigations are now available, .'^s large quantities of the

same variety of lignite exist also in the province of .Alberta,

it is important that these investigations be followed up,

although Alberta has a good supply of coals of harder

and greater heat-giving varieties.

The Saskatchewan Government report, prepared

about fifteen months ago by Mr. S. M. Darling, on the

briquetting of Saskatchewan lignite, emphasized its

adaptability for use for domestic and power purposes. In

view of the high price of anthracite in the province, and

more especially of the liability to coal famine, such as that

now being experienced, the problem of developing local

coal deposits should be thoroughly investigated.

THE WINNIPEG=SHOAL LAKE AQUEDUCT.

.\s a result of a number of cracks that have appeared

in some of the constructed portions of the Shoal Lake

aqueduct, considerable interest has been aroused ig^Win-

nipeg by statements reflecting upon the engineers of the

aqueduct scheme and upon the adopted design of the

works. The statements of Mr. M. T. Cantell, formerly

employed in the engineering office of the District, have

created a certain ainount of misapprehension in the minds

The Winnipeg office of The Canadian Engineer has

been moved from Room 10O8 to Room 1208, McArthur

Building. The new telephone number Is Main 2663.

Mr. C. W. Coodall remains In charge of the office.
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of the citizens as to the real situation, and the Commis-
sioners are at present proceeding to advise the public in

detail regarding the condition of the work.

The Greater Winnipeg Water District is a corpora-

tion comprising, in addition to the city of Winnipeg, the

city of St. Boniface, the town of Transcona, the rural

municipality of St. Vital and portions ol the rural munici-

palities of Fori (iarry, Assiniboia and Kildonan, all of

which adjoin the larger city. The system of water supply

which the District is constructing is designed for a gravity

flow of about 85,000,000 Imperial gallons of water per

day from Shoal Lake, over a distance of about 95 miles,

with a difference of elevation of approximately 300 feet.

Since the first official announcement of the scheme, in

September, 1913, many articles have appeared in The
Caiiatliaii Eiigi)icer relating to the unique features of its

design and the progress of construction of the portions

already under contract. The part of the works to which

the above-mentioned charges refer is a concrete aqueduct

extending from Shoal Lake to within ten miles of the city

of Winnipeg, a distance of 84.73 miles. The lengths,

slopes, elevations and dimensions of its various sections

will be found in an illustrated article which appeared in

the issue of this journal for October 23rd, 1913.

The line of the aqueduct is through a practically un-

settled country with large areas of swamps, marshes and

muskegs. Throughout the greater part of the work so

far completed an excellent foundation for the aqueduct

has been secured at convenient depth, the subsoil for prac-

tically the entire distance being a sandy clay impervious to

water. The deepest muskeg encountered by the aqueduct

trench has been 15 feet. The foundation for the aqueduct

along this section has been prepared by placing a gravel

bottom protected by piling along the sides. The aqueduct

ov'er this portion is reinforced on account of the soft yield-

ing sub-surface stratum. This is practically the only in-

stance, we understand, where aqueduct foundations have

as yet been required.

The sections which have occasioned the controversy

are in a portion of the aqueduct extending through prairie

where the cuts have been shallow and where the soil is of

clay with no admixture of sand or grit and with varying

moisture content. Difficulties in maintaining rigid and

unyielding foundations in this region had been expected,

but in order to build an aqueduct through this country

that would have been proof against settlement and against

cracks, concrete pile foundation would have been neces-

sary, greatly increasing the cost of the work. It has been

officially stated that before the specifications were written

it was known that there were places in this section where

settlement might occur after the work was constructed

;

but it was also known that the percentage of the total

length which would be apt to settle would be very small

and that it would be more economical to repair or even

reconstruct these portions than to design an aqueduct that

would not admit of any settlement at any point.

The portion in which settlement has actually occurred

is where, in shallow cut, 4 feet of backfill had been placed

over the arch. When the cracks appeared experiments

were commenced to determine where the full amount of

backfill, viz., 4 feet, could be placed without injury to the

concrete, in order to avoid a repetition of the condition

under consideration. The engineers feel that no anxiety

should exist, for the reason that settlement was expected,

that the cracking is not of serious consequence and can

be repaired at smal) cost, and that the behavior of these

portions will be a guide in the construction of the remain-

ing work. Of the 12 miles of the aqueduct completed, it

is stated that considerably less than one-half mile has

shown defects on account of settlement. On January 25th

the Commissioners submitted a tabulated statement, Irom
which the lollowing percentages ha\e been derived:

Percentage of whole aqueduct having cracks in in-

vert }^ in. in width 27
Percentage of whole aqueduct having cracks in in-

vert 1/ lb in. to ^4 in. in width 37
Percentage of whole aqueduct having hair line

cracks 8.17

Total percentage of aqueduct having any crack. . . 10.81

Percentage of whole aqueduct having no cracks

that eye can perceive 89. 19

Total 1 00 . 00

The statement is also made that only 2.64 per cent,

of the completed work is suniciently affected to require

attention.

This is an oflicial reply to the statements that were

circulated on January 22nd to the effect that 8 or 10 miles

of the aqueduct were absolutely useless and would have

to be reconstructed at a cost of upwards of $2,000,000.

These and other statements and allegations received such

publicity in the Winnipeg press that the stability of the

work completed to date was a matter of doubt in the

public mind. The statement submitted to the District did

not lay specific charges regarding construction, but had

to do simply with the question of design. Mr. Cantell's

own summary of his contentions are as follows

:

"(i) That a sum of money in excess of $25,000 was

paid by the commission for absolutely useless plans.

"(2) That the plans which were submitted by me
would have fulfilled their requirements completely, and

had one of them been accepted it would have cost approxi-

mately $1,125,000 less than the plans originally submitted.

"(3) That the designs at the present time being fol-

lowed were prepared to be used only in rock, and they are

being used in all kinds of soil, including clay and muskeg,

and if used throughout the line, failure and very heavy

additional cost are inevitable."

With respect to the expenditure of $25,000 "for abso-

lutely useless plans," remembering Winnipeg's long and

laborious search for a suitable water supply, little need

be said. The scheme at present under way, estimated to

cost over $13,000,000, is the result of many years' in-

vestigation of suitable sources and of thorough preliminary

engineering study and design. Regarding the second

contention, it is only necessary to observe that the plans

submitted by Mr. Cantell no doubt received the considera-

tion of the authorities. Mr. Cantell was in the employ of

the District at the time when the adopted plans were

under consideration. The validity of the third contention

is inconceivable. The personnel of the engineering staff

of the District, and the thorough preliminary investigation

of the line of the aqueduct are known to our readers.

GARRISON CREEK STORM OVERFLOW SEWER,
TORONTO.

The article in The Canadian Engineer for January

27th, 1916, relating to the construction of the main Garri-

son Creek storm overflow sewer and extensions, Toronto,

presented some figures of labor and material costs. For

a better understanding of the information given in this

important section of the article, we have received from

the author the following figures, upon which the labor

costs were based : Engineers, 50c. per hour ;
foremen, $4

per day; bricklayers, 70c. per hour; signalmen, 30c. per

hour ; laborers, 25c. per hour (average ; teams, $6 per day.
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I
COAST TO COAST |

.^iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii:

Hamilton, Ont.—The question of a municipal gas
plant came up at a meeting of the board of control last

week when a shortage of gas was under discussion.

Kingston, Ont.—R. H. Fair, road superintendent, re-

ported tliat during 1915 the sum of $21,416.25 had been
expended upon the good roads system in the county.

London, Ont.—The agreement between tfie London
Railway Commission and the Michigan Central Railway
Co. for operating over the lines of the London and Port
Stanley Railway has been signed.

South Vancouver, B.C.—Two piers of the bridge
across the north arm of the Fraser River, between Twigg
Island and Richmond, were swept away by ice recently,

causing considerable damage to over roc feet of the
structure.

Toronto, Ont.—Plans and specifications are almost
completed for the construction of an eastern entrance to
Exhibition Park. The proposition involves a bridge over
the railway tracks and the laying of a considerable length
of street railway line.

Welland, Ont.—Last year $231,367.04 was expended
by the county on the good roads system, upon which the
government grant amounted to $77,222.35. About 83
miles have been completed to date out of a total of 133
miles, and the cost averages about $5,000 per mile.

West Vancouver, B.C.—Considerable damage has
been done along the water front by recent heavy storms.
A portion of the roadway of the Pacific Great Eastern
Railway has been washed out, the service being tem-
porarily interrupted. Several docks and light houses were
also slightly damaged.

South Vancouver, B.C.—In connection with the pre-

sent sewerage scheme which the municipality has under
construction, Mr. S. B. Bennett, municipal engineer, re-

ports that up to January 21, $154,000 had been spent on
sewer construction, leaving a balance of approximately

$146,600 to complete the work.

Quebec, Que.—The C.P.R. will lay out extended ter-

minals in Quebec after the new station is completed, and
business recommences under more favorable auspices.

The company has extensive terminals ; but the new lay-

out will prepare for and anticipate the future. The Trans-
continental will use the new station as well as the C.P.R.

Prince George, B.C.—The experiment which the

Grand Trunk Pacific is carrying out of burning oil'as fuel

s regarded with interest by other railway corporations.

The Grand Trunk Pacific uses oil on 700 miles of track,

in the West. To make this possible it had to complete and
set up oil plants at Jasper, McBride, Prince George, En-
dako, .Smithes and Prince Rupert. The original cost was
very heavy, but the advantages are many and important.

South Vancouver, B.C.—Construction work is under
way on the Commercial Street trunk sewer, some 850 ft.

of 4S-inch and 5S0 ft. of 42-inch pipe being laid.. The
engineer has recommended a further length of 1,875 ft. of

42-inch pipe to extend southward, and estimates in con-

nection with this a total expenditure of $17,800. The
.\lbert .Street trunk sewer requires about 550 ft. of pipe

to complete it. The pipe used in these sewers is being

manufactured by the Pacific Lock Joint Pipe Company.

North Vancouver, B.C.—The .Amalgamated Drydock
and Engineering Co., Limited, will establish, under the

supervision of the Dominion Government, a drydock and
shipbuilding plant on the north shore to cost about

$4,500,000. The government has subsidized the under-

taking and the city of North Vancouver has guaranteed

bonds to the extent of $750,000. The graving dock will

be 1,150 ft. long with an entrance width of no ft. and a

deplh at ordinary spring tides of 41 ft. over the sills. The
dock will be in two sections, 650 ft. and 500 ft. long re-

spectively. With the exception of the Lauzon dry dock
at Quebec, it will be the largest on the continent.

Hamilton, Ont.—A meeting of the board of control

was held last week at which Mr. J. N. Stanley, one of the

engineers of the Hydro-Electric Power Commission of

Ontario, exhibited the hydro-radial plans showing the pro-

posed routes of the various entrances into the city. It is

proposed to carry the passenger traffic through the centre

of the city and to divert the freight traffic to the north end.

The aim is to have the hydro-radials and the C.N.R. use

a common right-of-way for freight. It is planned to have
the city assume control of an electrically operated inter-

switching system for the use of all steam and electric rail-

ways subject to the rulings of the Board of Railway Com-
missioners.

PERSONAL.

F. T. LE\'ERSLICH, general manager of the London
and Port Stanley Railway, has resigned.

E. B. STAVELEY, of Quebec, is the president for

1916 of the Quebec .Association of Architects.

R. L. BR.A^CKIN has been elected chairman of the
Public Utilities Commission of Chatham, Ont.

R. WRIGHT has been appointed superintendent of
terminals of the Grand Trunk Railway System.

JOHN DIGBY, formerly assistant engineer, has been
appointed city electrical engineer of New Westminster,
British Columbia.

WM. TANSLEY has been appointed district superin-
tendent of the Canadian Pacific Railway, with head-
quarters at London, Ont.

WM. McNAB, M.Can.Soc.C.E., principal assistant
engineer of the Grand Trunk Railway since 1907, has been
appointed valuation engineer for the company.

A. W. WHEATLEY, vice-president of the Canadian
Locomotive Company, Kingston, Ont., has been appointed
president of the Lima Locomotive Corporation.

H. H. VAUGHAN, Mem.Can.Soc.C.E., vice-presi-

dent of the Montreal Ammunition Co., Limited, has been
made a vice-president of the Dominion Bridge Co.

H. M. SCOTT, Assoc.M.Can.Soc.C.E., who has been
for a number of years in the employ of Mr. Henry Holgate,
consulting engineer, Montreal, has enlisted for overseas
service.

FRANK P. VAUGHAN, manager of the Vaughan
Electric Company, Limited, St. John, N.B., was recently
elected a member of the American Institute of Electrical

Engineers.

H. N. KEIFER, of the Northern Electric Company,
Vancouver office, has been elected secretary of the Van-
couver section of the American Institute of Electrical

Engineers.

F. M. RUTTER, for a number of years on the en-
gineering staff of the Canadian Pacific Railway, has been
appointed superintendent of transportation of the Easterr»

Ontario Section of the C.P.R.
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A. G. GRAVES, city commissioner of Calgary, ad-
dressed the Calgary Branch of thi: Canadian Society of
Civil Engineers a short time ago, the subject being "The
Administration of Public Utilities."

J. L. MORRIS, C.E., O.L.S., of the firm of Morris
and Moore, land surveyors and architects, Pembroke,
Ont., and ex-mayor of the town, has been appointed en-

gineer for the township of Pembroke.

C. H. RUST, city engineer of Victoria, B.C., read a

paper last week before the Seattle Branch of the American
Society of Civil Engineers, describing the design and con-

struction of the Sooke Lake waterworks system.

ARTHUR CRUMPTON, M.Can.Soc.C.E., has been

appointed assistant valuation engineer for the Grand
Trunk Railway System. Mr. Crumpton has occupied the

position of assistant engineer for the G.T.R. since 1892.

E. T. COCKREIX, secretary of the Burrard Inlet

Tunnel and Bridge Company, \'ancouver, B.C., has re-

signed. Mr. Cockrcll is attached to the Sixth Field Com-
pany, Canadian Engineers, and is leaving shortly for the

front.

F BURCHELL, C.E., of the Nova Scotia Construc-

tion Co., and a graduate in civil engineering of Queen's

University, Kingston, has enlisted for active service and
is now a bombardier in the 63rd Battery at Fredericton,

New Brunswick.

C. D. HOA\"E, engineer in charge of the construction

of the Dominion Government grain elevator at Burrard

Inlet, addressed the Vancouver Branch of the Canadian

Society of Civil Engineers recently on the subject of ele-

vator construction and grain transportation.

Lieut.-Col. C. H. MITCHELL, C.E., general staff

officer of the Canadian corps in France, has received the

D.S.O. in recognition of distinguished service at the front.

Col. Mitchell is well known to our readers as a member of

the consulting engineering firm of C. H. and P. H.
Mitchell, Toronto.

Lieut.-Col. GEO. H. DAVIS, B.Sc, of Barnet, B.C.,

and formerly town engineer of Woodstock, Ont., who is

in command of the Second Pioneer Battalion, which has

been in England for the past few months, is seriously ill

and in a hospital as a result of a fall from his horse. Col.

Davis, who is an associate member of the Canadian
Society of Civil Engineers, is a graduate of McGill Uni-

versity, Montreal.

ENGINEERING SOCIETY DINNER.

The 26th annual dinner of the University of Toronto
Engineering Society was held on February 4th, Mr. W.
L. Dobbin presiding. Upwards of three hundred gradu-

ates and undergraduates of the Faculty of Applied Science

and Engineering were in attendance. Among the speakers

were President Falconer, Dean Ellis, Lieut.-Col. W. R.

Lang, Mayor T. L. Church, Geo. G. Powell, deputy city

engineer, and L. M. .'\rkley, secretary of the Toronto

Branch of the Canadian Society of Civil Engineers.

At the recent annual meeting of the Corporation of

Land Surveyors of the Province of British Columbia the

following surveyors were elected officers for the ensuing

year: President, W. S. Drewry ; vice-president, E. B.

Hermon ; secretary-treasurer, \\'. S. Gore; board of

management, N. F. Townsend, F. C. Green, O. B. N.

Wilkie, S. S. McDiarmid, L Elliott.

OBIT II A R Y.

The death occurred recently of Mr. Alexander Graham
at the age of 51. The deceased was superintendent of
construction in the engineering corps of the Department
of Public Works, Ottawa, and at the time of his death
was in charge of some government work under construc-
tion at Sturgeon Falls, Ont.

The death occurred recently of Mr. Guy Colin Carman,
M.Can.Soc.C.E., in former days a prominent civil en-

gineer and railway builder. The deceased was in his 80th
year. When tlie Canadian Pacific Railway was under
construction Mr. Carman was engaged on the British

Columbia section of it. For many years he was engineer
of the Cornwall Canal, from which position he retired

some fifteen years ago.

CORRECTION.

In "Niagara River Pollution," on page 217 of last

week's issue, the wording of the first paragraph conveys,

by no means, a clear meaning owing to the inadvertant

omission of one line and the repetition of another in its

stead. The first sentence on page 218 should read: "It

is likely that an intercepting sewer will be proposed to

collect the discharges from the Seneca, Park and Orchard
outlets and to convey the sewage to a projected disposal

plant, presumably near the Orchard Street outlet." The
sentence in question refers to a probable requirement of

the coming report of the International Joint Commission
regarding the pollution of boundary waters.

COMING MEETINGS.

NINTH CHICAGO CEMENT SHOW.—At Chicago,

111., February 12th to 19th. R. F. Hall secretary, 208

South La Salle Street, Chicago, 111.

NATIONAL CONFERENCE ON CONCRETE
ROAD BUILDING.—Second National conference to

be held at Chicago, 111., February 15th to i8th, 1916.

Secretary of the Advisory Committee, J. P. Beck, 208

South La Salle Street, Chicago, 111.

AMERICAN CONCRETE PIPE ASSOCIATION.—
Annual Convention to be held in Chicago, February 17

and 18, 1916. Secretary, E. S. Hanson, 538 S. Clark

Street, Chicago, 111.

CANADIAN LUMBERMEN'S ASSOCIATION.—At
Ottawa, February i8th, 19th and 20th, 1916, annual con-

vention. Frank Hawkins, secretary, Ottawa.

NATIONAL PAVING BRICK MANUFACTURERS'
ASSOCIATION.—Meeting to be held in Cleveland, Ohio,
February 21st and 22nd. Will P. Blair secretary.

Brotherhood of Locomotive Engineers' Building, Cleve-

land, Ohio.

AMERICAN ROAD BUILDERS' ASSOCIATION.—
Thirteenth Annual Convention to be held at Pittsburgh,

Pa., February 28th to March 3rd. E. L. Powers secretary,

150 Nassau Street, New York, N.Y.

CANADIAN MINING INSTITUTE.—Eighteenth
annual meeting to be held at the Chateau Laurier, Ottawa,
March 1, 2 and 3. Secretary, H. Mortimer-Lamb, Ritz-

Carlton Hotel, Montreal.

THIRD CANADIAN AND INTERNATIONAL
GOOD ROADS CONGRESS AND EXHIBITION to be
held at Sohnier Park, Montreal, March 6, 7, 8, 9 and 10,

1 91 6. General Secretary, Geo. A. McNamee, New Birks

Building, Montreal.
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STORM SEWERS IN MOOSE JAW, SASK.
NOTES ON EXTENT OF SYSTEM, RECENT CONSTRUCTION, METHOD EMPLOYED
AND COSTS—A WINTER UNDERTAKING TO PROVIDE LABOR FOR UNEMPLOYED.

By GEO. D. MACKIE, City Engineer=Commissioner.

THE city of Moose Jaw, like most of the other prairie

cities, is drained on the separate system, and it is

particularly necessary in Moose Jaw's case that

every endeavor be made to prevent surface water

reachinsj- the sanitary sewers, as every gallon of sewage

two creeks that the major portion of storm water

discharges.

The first storm sewer was laid in igo6, but the con-

struction of storm sewers did not keep pace with the city's

growth, and, as a consequence, serious flooding took

Thirty=inch Segment Block Storm Sewer, Manitoba
Street, Moose Jaw.

has to be pumped at the sewage disposal works before

treatment.

With the rapid growth of the city during the last few

years, entailing the construction of many miles of roads

and streets, a large number of the natural water courses

were destroved, and as a consequence the necessity of

constructing a system of storm sewers became absolutely

necessary.

The city is intercepted by Thunder creek, which runs

through it in an easterly direction and joins the Moose
Jaw creek near the nth Avenue subway. It is into these

Thirty=inch Segment Block Storm Sewer, Manitoba
Street, Moose Jaw.

place every spring in the business section of the city due

to the inadequate size of the storm sewers, or to the lack

of them.
To partially remedy this state of affairs, the city

authorized the construction of storm sewers to serve

four different districts, and one of these sewers was
constructed during the winter of 1914-15. This sewer

is 7,744 feet long, and varies in diameter from 30
ins. to 12 ins., as shown on the accompanying

plan. The area drained is enclosed by a broken line.

The writer secured competitive prices for 24-in. and
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30-in. pipi'S in liU', scgnu'iit block ;ii\cl comeiil roncrclr,

and the lowest prices received per foot were

:

Tile. Segment block. Concrete.

,.. $1.70 $1.80 $1.7524-in.

30-in. 2.30 .60

Tile pipe was used for the 24-in. and segment for the

30-in. section. The tile pipe was supplied by the Redwing
Sewer Pipe Company, and by the Alberta Cl.ay Products

block pipe can be laid at a cost of i cent per foot for each

inch of diameter of pipe, and the writer believes this can

be done tmder ordinary conditions, but as these pipes

were laid in the winter, it required the services of two
extra men tending fires, as in addition to heating the tile

it was bedded in hot moist sand and covered with the

same material to protect it from frost.

The accompanying views show the pipe as constructed

in the ditch.

Section of City of Moose Jaw, Showing Route of New Storm Sewer, with Diameters of Various Sections Indicated.

Company, Medicine Hat, and the segment block by the

American Sewer Pipe Company, Akron, Ohio. There are

ten segment blocks to the ring in 2-ft. lengths weighing
230 pounds per lineal foot of pipe. The segment block

was the first of its kind to be used in the city for sewer
pipe, and was found perfectly satisfactory. The cost of

laying the pipe is higher than for sewer tile of the same
diameter, but this is more than offset by the difference in

the first cost. The manufacturers claim that the segment

The construction of this sewer presented no difH-

culties. Table I. gives an itemized cost of the various

portions of the work per foot compared with the esti-

mated cost.

In addition to the pipe line itself, 1,219 lin. ft. of

connecting drains between catch basins and manholes
were constructed. This pipe line averaged 4'^ ft. in

depth, and was frozen to grade. .A.s two connections on
each street intersection had to be tunnelled beneath the
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street railway track, the cost (84.4 cents per lin. ft.) is ginning of December and prosecuted to completion early
relatively high. Twenty-nine manholes were built in the in March of the following year. The temperature was
course of the work, averaging 267 ft. between centres. below freezing at all times, falling as low as —40°. Un-
Four of these were of brick of irregular design, due to skilled relief labor was employed throughout, gangs
location and obstructions encountered ; the remainder were changing each week. On an average each man secured

Table I.—Cost of Storm Sewers Per Foot.

Size of pipe i2-in. 15-in. i8-in. 20-in. 24-in. 30-in.
Material Tile. Tile. Tile. Tile. Tile. Seg. Block.
Length of section 1581 ft. 1509 ft. 1 134 ft. 2086 ft. 635 ft. 797 ft.

Average depth 6.6ft. 7.00ft. 9-5 ft- 7.25 ft. n.oft. 12.5 ft.

Nature of soil Grey clay, Clay and Grey clay Clay and Clay and Gumbo,
6 ft. frost gravel, 5 ft. frost gravel, gumbo, 4 ft. frost

7 ft. frost 3 ft. frost 5 ft. frost.

Yardage per lin. ft .65 .70 .90 .80 1.22 1.85
Cost per lin. ft. excavation... S .65 $1.01 $1-03 $ .49 $i-34 $i-75
Backfill $ .05 $ .07 $ .13 $ .13 $ .30 $ .40
Teaming, watching timekeep-

ing, etc S .14 $ .16 $ .16 $ .22 $ .22 S .70
Pipe laying $ .06 $ .06 $ .09 $ .12 $ -13 § -52
Material $ .60 $ -93 Si. 19 $1.41 $2.0^1 $2.89

Total cost Si. 50 $2.23 S2.60 S2.37 $4.00 S6.26
Estimated cost S2.00 S2.25 S3. 00 $3.00 $4.00 S5.00

of concrete of 1:3:5 mix, 3 ft. 6 in. inside diameter with one week's employment in three. An average of 57 men
a 9-in. wall. Forty-four catch basins were required, four per day were employed throughout. The ground varied

being placed on each street intersection. These were of '" nature from a heavy gumbo to grey clay carrying a

concrete, 2 ft. 6 in. inside diameter and a 9-in. wall. The stratum of heavy gravel. All the work was carried out

., I. ,, , , , , . r r^L under the supervision of the city engineering staff,
benches of all manholes and the wearing surface ot catch '^ ... .

, • . R u- ^ i T •„ tu-„i, T *« T ^;^ ^"C contract price, based on summer conditions and
basins were given a finishing coat i-in. thick i to i mix.

i -n j 1 u <? o o 111 1" * skilled labor, was $25,008.89, while the cost to the city,
Table II. shows the cost per foot for manholes and yn^er the most unfavorable climatic and labor conditions,

catchbasins. was $26,795.63. This sum includes all clerical work,

Table 11.—Manholes and Catch Basins. „ . , ,
Cost per vertical foot.

Vertical Total Unit With Without
No. feet. cost. cost. covers. covers.

Manholes—Concrete 25 206 $1,710.37 $68.41 $8.30 $4-45
Brick 4 48 395-70 98.92 8.24 5.74

Catch Basins—Concrete 44 249 1,425.32 32.40 5-73 3-69
Materials—Sand, Si. 80; gravel, $2.30; crushed stone, S3. 30 per cubic yard. Cement, 75 cents per bag F.O.B.

the job. Labor, 25 cents per hour.

The laying of storm sewers was let by contract in supervision, insurance of men, rentals of tools, and main-
August, 1914, but owing to the outbreak of the European tenance of the sewer for six months after the completion
war at that time the contract was cancelled, and nothing of the work.
further was done until the end of November, when, owing The writer doubts if there was 50 per cent, efficiency

to the acuteness of the unemployed situation, the city from the men employed in comparison with that of a

council resolved to carry out the work themselves with regular laborer, as the men were recruited from all trades,

unemployed labor. Construction was started in the be- and were entirely unfitted and unaccustomed to such work.

TRANSFERABLE LIFT SPAN FOR BRIDGE.

A lift span bridge with some unusual features is de-

scribed in the Engineering- Record for November 27th, 19 15.

Over the Arkansas River, at Pine Bluff, Ark., a bridge was
recently completed in the design of which provision was
made for a shifting river channel by using a lift span and
five other truss spans of identical design to make possible the

future transfer of the towers to lift any span desired. There
is also to be noted the use of counterweight chains of special

design instead of the usual wire cables, and the adoption of a

folding cast-iron counterweight to control the balance of the

lift span and chains. The bridge, which is a combined rail-

way and highway structure, is approximately 3,010 feet long,

with 1,610 feet of steel structure and 1,400 feet of timber
trestle. The steel section consists of seven riveted spans,
six of which are 239 feet 4 inches centre to centre of end pins

and one 149 feet 7 inches long. The channel of the river is
'liable to shift at any time. At another bridge, a few miles
below Pine Bluff, the channel shifted from one side of the
river to the other, necessitating the construction of a new"
swing span, so that the bridge now has two swing spans.
It was therefore considered desirable in this case to use a
type of construction such that the movable span could be
shifted to any part of the bridge in case of a change of
location of the channel. The spans were accordingly made
all alike and provided with all arrangements for attaching the
lifting and control mechanisms to any one of the equal spans.
The weight of the chains is balanced by disks of cast iron so
arranged that they are picked up by the counterweight as it

rises, thus adding to its weight to compensate for the other-

wise unbalanced length of chain.
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PRESENT SCOPE I OR PRACTICAL WORK IN

IMPROVING CANADIAN CITIES.

THE objects and scope of the recently organized

Civic Improvement Leatjue were presented to our

readers in The CatuiJian Engineer for December

2nd, 191 5. A conference of the League was held

in Ottawa on January 20th, at which provincial and Do-

minion representatives were appointed as follows:

Provincial Representatives.—Ontario : Mr. G. Frank

Beer, loronlo; (Juebec : Hon. J. J. Guerin, PresidciU

Montreal Civic Improvement League; .Manitoba: Mr. \V.

Sanford Evans; Saskatchewan: Professor Oliver ;
Alberta:

Commissioner Garden, Chairman .A.lberta Town Planning

.Association ; British Columbia : Mr. G. R. G. Conway,

.M.lnst.C.E. ; New Brunswick: Mr. W. F. Burditt, Chair-

man St. John Town Planning Commission ; Nova Scotia

:

.Mr. R. M. Hattie, Chairman Halifax Civic Improvement

League; Prince Edward Island: Hon. J. .\. Mathieson,

Premier.

National Representatives.— Dr. J. \V. Robertson,

C.M.ti., Mr. James White, Deputy Head, and Mr.

Thomas Adams, Town Planning Adviser of the Commis-

sion of Conservation; Dr. P. H. Bryce, Hon. President of

Canadian Public Health Association; Mr. J. S. Watters,

President of Dominion Trades and Labor Congress; Mr.

W. D. Lighthall, K.C., Secretary of the Union of Cana-

dian Municipalities.

The chief paper presented at the latest conference

was that by Mr. Thomas Adams, dealing with the present

scope for practical work in improving civic conditions.

Mr. Adams pointed out that between 1901 and 1911 there

were created in four of the nine provinces of the Dominion

an average of over 100 entirely new towns, thus illustrat-

ing the necessity for the foundations of a healthy civic

structure. Concerning the scope for immediate action

the paper dealt as follows:

Municipal Government and Finance and Unemploy-

ment.—The srreatest need in connection with these matters

is that a department of municipal affairs or a Local Gov-

ernment Board should be created in each province. That

need arises from the fact that ive require more uniformity

in regard to measures which are necessary to secure (i)

real and effective economies in the conduct of municipal

business, (2) lower rates of interest on municipal borrow-

'ng'> (3) greater efficiency in carrying out public under-

takings, (4) proper auditing of municipal accounts, (5)

prevention of fire and a consequent reduction in the cost

of fire insurance, (6) proper control of labor difficulties

during periods of slackness in employment with the least

harmful results to the citizens affected during such periods,

(7) enforcement of sanitary provisions, (8) avoidance of

recurring mistakes in administration due to isolated local

action, (9) reduction in cost of local improvement without

lowering of standards of construction, (10) unifying the

methods of valuing land for assessment, and other matters.

We cannot overcome the defects of human nature in the

personnel of councils, commissions or other bodies by

legislation, but we can reduce the opportunities for bad

management by setting up the right kind of machinery.
' At present we have a system of municipal government

which is inherently bad because it lacks uniformity on the

one hand and elasticity on the other hand, and to go on

tinkering with it is to waste time and effort. We need a

constructive policy which has for its final aim the sub-

stitution of a new system for that now in force. We need

not begin by destrtiction or radical reform of our existing

local government institutions, hut we should aim at ulti-

mately securing a final readjustment of our system so that

it will attain even higher standards than those of the

Mother Country where democratic local government is

comparatively successful. As a beginning, we should

recognize the need for apportionment of responsibility be-

tween the province and the local government unit—be it

city, town or rural municipality—and make the first step

in reform the setting up of a provincial department, with

a cabinet minister at its head to give exclusive attention

to affairs of local government. There are the beginnings

of such a department in .Mberta and Saskatchewan, but

even in these provinces the question of giving them en-

larged powers and wider scope requires consideration.

One of the most serious causes of bad sanitation is

the absence of effective control over new developments
just ^)utside the boundaries of cities—in rural municipali-

ties—and until we have a uniform sanitary standard for

all urban growth whether within the city or just over its

borders we will continue to have unhealthy conditions.

With regard to the question of the fixing of values of land

for purposes of assessment we have a position at present

in many cities which contains all the elements of ultimate

financial disaster unless we make an early attempt to

regulate it. Bondholders frequently apply to government
departments for statistics to enable them to judge of the

soundness of investments in city bonds and they show a

nervousness and lack of confidence in making these invest-

ments which is caused by our careless methods and is not

justified by any lack of real stability in our institutions.

That there is need for some stocktaking and re-appraise-

ment of values is indicated by the fact that in more than

one province we have an average assessment value per

capita of nearly Si, 800, as against about $550 in other

provinces. In the largest cities and towns of Scotland

the capital value of the assessed valuation is only $520 per

capita, notwithstanding that vacant land is all assessed

at agricultural rates, and every street along which build-

ings are erected has been constructed according to the

best modern standards. .\n owner of land and improve-

ments in a Scottish town can raise about four-fifths of

this assessed valuation on mortgage, and the reader is

asked to compare that with the proportion that could be

raised of the assessed valuation of land in some of our

cities.

The second suggestion under the head of municipal

government is that we should ask the census department

of the government to take up the question of municipal

statistics. We have no satisfactory system of collecting

statistics regarding municipal undertakings and finance.

We collect many statistics without any apparent object in

view, some of little real value because they are incomplete,

and others useless because the reason for collecting them

has ceased to exist, ^^"ith our growing towns and steadily

increasing municipal expenditure we urgently need a col-

lection of municipal and vital statistics prepared with

certain definite objects in view and we should draw the

attention of the Dominion Government to this need and

appoint a committee of expert municipal men to confer

and make recommendations to the department concerned.

Here the need for co-operation is between the (i) federal

government, (2) the province, and (3) the city or town.

Town Planning, Housing and Public Health.—In re-

gard to town planning, we have the excellent example of

Nova Scotia, which has created a precedent for effective

legislation dealing with this subject. The Commission of

Conservation has issued a draft .\ct, which has been circu-

lated among members of this conference. This draft

slightlv enlarges on the Nova Scotia -Act, but does not

differ from it in any of its material sense. Its purpose is

to secure the proper regulation and control of the use and

development of land for all kinds of building purposes;

the term "town pl.inning" verv imperfcctlv indicates the



February 17, 1916. THE CANADIAN ENGINEER 249

comprehensive character and real significance of the

measure. Its main provisions may be summarized as

follows

:

(i) It is considered desirable for the working of the

Act that there should be a department of municipal affairs

in each province, but this is not essential, as the duties

may be assigned to another department. Under the de-

partment there should be a comptroller for each province,

devoting himself specially to town planning. He should

keep a plan of the whole province, showing the main

arterial thoroughfares which, in the opinion of the high-

way commissioners or minister of highways, are desirable

for purposes of main road communication. In each

locality there has to be a local town planning board, con-

sisting of three members of the council and two outside

ratepayers, but, if desired, the work can be done by the

local authority itself, and the draft altered accordingly to

secure this. The local board would have the engineering

officer or other qualified person as its executive officer.

(2) This gives certain powers and duties to the local

board to approve all new development and to require plans

and particulars of all sub-divisions and laying out of

streets to be submitted in accordance with certain pro-

cedure. The Board may require that main thoroughfares

shall be 100 feet wide. Agreements may be entered into

with owners permitting streets to be of less viidth than 66

feet where land is given by such owners for streets wider

than 66 feet, .'\rrangements may be made for adjusting

and altering boundaries and effecting changes of land

already sub-divided and local boards in adjoining areas

require to co-operate in regard to sub-division affecting

land near to their boundaries.

(3) Town planning schemes or by-laws may be pre-

pared for the general object of securing proper sanitary

and hygienic conditions, amenitv and convenience in con-

nection with the lay-out of land. What is meant here by

a set of by-laws is practically a partial town-planning

scheme. Such partial schemes are compulsory and are

adaptable for rural areas and small towns. The more
.comprehensive scheme is most suitable for large cities,

and is optional. In other respects this part of the Act
follows in general principle the successful British Act of

1909. Schemes and b3'-laws would deal with building

lines, width of streets, limiting number of separate family

dwelling houses to the acre, prescribing the area of any
lot which can be built upon, prescribing the setting aside

of areas for residential, manufacturing and other purposes,

prohibiting noxious trades and structures injurious to

amenity, etc.

Powers of individuals to defeat the tvork of a board
or to indulge in speculation in expectation of improve-
ments being carried out will be reduced to a minimum.
The provincial department may prepare a scheme or by-

laws if the local board fails to do so and there is strong

enough local representation in favor of it being done.

The local authority must provide enough money to meet
the reasonable requirements of a local board to prepare a

scheme or by-laws but has the option to refuse funds to

carry out the provisions of either. It is necessary to give
the local authority power to approve or disapprove large

expenditures in executing the scheme, hut it is equally

necessary for the effective working of the Art that the
local board should be provided with the limited amount to

prepare its scheme or set of by-laws.

This is the briefest possible summary of the draft

Act which will require careful study to master its details.

The need for such an Act is apparent ; our present method
of developing land is discredited; we are creating new
slum conditions in our suburban areas which are as bad
as those in old centres, although they are less necessary

because they are capable of being controlled by regula-

tion ; unhealthy and feverish speculation in land is the

result of unbridled license in carrying out its development.

Therefore, I urge that this conference should consider the

desirability of recommending the provincial governments

to pass legislation along the lines of the Act framed by

the Commission of Conservation at the earliest moment.
The housing question requires consideration, but it

is difficult to deal with it in the form of a general recom-

mendation. The Commission of Conservation is under-

taking a special study with a view to making recommen-
dations for new legislation to the provincial governments.

The writer's view is that it is desirable to suspend judg-

ment on the housing question until this report is complete,

but that the Dominion council of the league, when formed,

should be asked to appoint a special committee to colled

statistics and information regarding housing conditions

in the different provinces.

Public health is a matter which is being well taken

care of in most of the provinces. Our machinery to deal

with this is fairly up-to-date. There is need, however, for

more accurate and more comprehensive statistics on public

health matters and something might be done to-day to

indicate the strength of this need.

Immigration and Development After the War.—With
regard to immigration we have a question on which ex-

perience is the best guide. It is intimately connected with

our civic problems and requires consideration from the

point of view of the municipality as well as that of the

Dominion and province. Whether or not we should pass

a resolution suggesting methods and principles which
should be adopted in making a more careful selection of

immigrants, and whether or not it is possible to devise a

method which will encourage a greater amount of settle-

ment in agricultural areas is a matter we should discuss.

To support the passing of town-planning legislation

and the setting up of departments of municipal affairs will

be one of the most effective steps to secure safeguards for

civic development after the war. There is need, however,
for having a constructive policy in regard to future settle-

ment of agricultural land, particularly in connection with
the return of soldiers and possible immigration of the

future. We want to urge a policy which will enable us

to ha\e (i) less length of roads in rural areas, but better

and more conveniently planned roads
; (2) more accessi-

bility between good areas of land and imeans of transpor-

tation
; (3) co-operation and facilities for education and

social intercourse
; (4) facilities and assistance in creating

rural industries in small towns and villages and the other

things which are necessary in combination to secure the

successful settlement of land. These things are not beyond
our reach, but they require us to pay the price demanded
ab initio, in nearly every successful enterprise. Painstaking
investigation must be made, carefully prepared schemes
thought out ; and when our studies are completed and
sound schemes prepared it will probably then be found
essential for go\ernment support to be given to start the

schemes, both in the form of some financial credit and in

the form of administrative energy. Some definite recom-
mendation might be made by this conference which may
influence the provincial governments to deal with the

problem, and be a help to the Commission of Conserva-
tion and the Economic and Development Commission in

studying and recommending action in the future.

Maps.—There are other matters of importance to be
considered. For instance, the writer agrees with Mr.
Nelles, of the Geodetic Survey Department, that we must
have better maps of our Canadian towns and cities* be-

*See "The Mapping of Canadian Cities," by Douglas H.
Nelles, in T/w Cmitidian Engineer for Jan. 6. and Jan. 13, irjif).
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fore we can get tlic best results in planning and improving
our cities and towns, also that if these maps are to be
economically prepared we must look for help in their pre-

paration to the federal and provincial governments. Let
us urge the importance of this mailer on the attention of

the authorities concerned. There are the questions con-
nected with child welfare, more scientific methods of dis-

tributing public charity, the question of dealing with the

feeble minded, of promoting the right kind of technical

education to suit our needs and others of a cognate kind.

We must be careful not to dissipate our energies over
too wide a field, although wc can do much by organization
to so arrange and allot our work that we can include every
civic activity within the scope of our organization by dele-
gating the work to special committees.

There is need for an International Institute similar
to the Agricultural Institute at Rome, to collect municipal
statistics all over the world and place them at the disposal
of all cities and towns. The writer hopes that the Civic
Improvement League will inaugurate a movement to
secure the establishment of such an institute.

VICTORIA INNER HARBOR IMPROVEMENTS.

THE 9th annual report of the Inner Harbor Associa-
tion summarizes the vast amount of improvement
work that has been done during the past year or
is now in progress in connection with the harbor

scheme. The report is, in part, as follows :

—

In the upper harbor, or basin, a large portion of the
bottom has now been dredged to 20 feet deep at low water.
The large rock about the middle of the basin will be re-

moved after the works are completed in the lower harbor.

The channel leading to the inner harbor is now con-
siderably wider than formerly and forms an improvement
that will be greatly appreciated by all steamships fre-

quenting the port. The Dominion Government dredges
and rock drills are engaged continuously, day and night,
in deepening and widening this channel on the northern
side, and the operations will be continued until the water
is deep enough and wide enough to accommodate without
danger ships of much larger capacity than those at present
using the inner harbor.

The lower harbor generally, where dredging can be
done, is now 20 feet deep at low water. The rock on the
western side of the entrance (off Behrens Island) has been
removed

; the rocks off Shoal Point, on the eastern side
of the channel, have been cut back about 200 feet, thus
widening the channel considerably and straightening out
a very difficult turn. This is being-, further widened as
opportunity offers.

The northern side of the channel, between Songhees
Point and Pelly Island, and eastwards to Behrens Island,
is gradually being straightened, in accordance with the
original scheme. The southern side of Pelly Island, and
the immense mass of rock contiguous, is gradually being
removed, and by the end of March will be fairly

straightened out to line, widening the channel about 120
feet. The removal of Songhees Rock (west of Songhees
Point nt the eastern approach to the northwest passage)
will shortly he undertaken, and a commencement of the
removal of the material (mostly packed clay) forming the
bottom of the proposed northwest passage, will be made,
giving a navigable channel 300 feet wide, free from rock.
This work will be proceeded with during the intervals
when the dredges arc not engaged in the removal of the
rock broken up by the drilling plant. The work to the
north of Pelly Island may be looked upon as prcliniinnrv

to the eventual removal of the whole of the rock in that

locality.

The Narrows between Songhees and Laurel Point

have been widened about 75 feet by the removal of rock,

etc., at the northern side.

To the southeast of Songhees Point the rocks have

been cut back to 16 and 20 feet deep at low water. It is

proposed to remove the remainder of the triangle to the

railway bridge as the work proceeds inwards. All mov-
able material has been dredged from the eastern side of

this triangle and the channel, as far as the railway bridge,

has been widened about 150 feet.

The general trend of the works of improvement in the

inner harbor has been the gradual removal of all impedi-

ments to navigation south of a line drawn westward from

Songhees Point to Pelly Island, produced westward to-

wards Behrens Island, as laid down on our original plan

and this system has been steadily pursued.

The rock blasted by the drilling plant, or broken up

by the Lobnitz, is immediately removed by one of the

dredges in close attendance upon these machines, and the

bottom kept clear, as far as circumstances permit.

The total amount of rock, clay, gravel and sand re-

moved from the bottom of the harbor during the year 191

5

has been approximately 420,000 cubic yards, of which

total about 36,000 yards were rock blasted out by the

drilling plant or broken up by the Lobnitz rock-breaker.

The total outlay on these works during the year has been

about $230,000.

The above refers, as stated, to the inner harbor work,
and does not cover the extensive work under way on the

outer harbor, docks and breakwater. An important part

of the latter work completed during the year is the for-

mation of a turning basin, some 21,000 superficial feet in

area, dredged to 30 feet at low water, for the manoeuvring
of ocean vessels leaving port.

About two-thirds of the length of the breakwater is

now above high-water level and the structure is meeting
all expectations in securing quiet water under the most
stormy circumstances, not only at the new piers under
construction, but also preventing the breaking of heavy

seas over Rithet's southern wharf. The work on the two
piers is making rapid progress. Already nine of the 3,000-

ton caissons are in place. At present the work on the

piers is all under water and it will be another year before

they assume visible shape and proportions.

The total outlay to date on the breakwater has been
about $1,400,000 and on the new piers about $740,000.

MEAN SEA LEVEL FOR RAILWAY PROFILES.

General Order No. 157 of the Board of Railway Com-
missioners for Canada requires that on and after February

1st, 1916, all profiles submitted by railway companies

subject to the jurisdiction of the Board, which commence
at, terminate at or intersect with any of the lines listed

in "."Mtitudes in Canada," edited by James White, as-

sistant to the chairman and deputy head of the Commission
of Conservation, shall be laased upon mean sea level as

provided in that publication. This includes those which

touch tide water and are not listed in "Altitudes in

Canada." The Canadian Pacific, Canadian Northern,

Grand Trunk Pacific and Grand Trunk Railway Com-
panies have all consented to the proposal.

The annual nicetinR of the Manitoba Good Roads .Associa-

tion will be held on Febru.ary 14th.
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WATER POWERS IN THE PORCUPINE AREA OF
NORTHERN ONTARIO.

OF interest in connection with the increased mining

activity in the Porcupine gold area is a considera-

tion of its water power resources. In The Cana-
dian Engineer for December i6, 1915, the subject

was discussed in an abstract from the 1914 report of Mr.
Thos. W. Gibson, Deputy Minister of Mines for Ontario.

The following: notes are from the Ontario Bureau of

Mines' report on the Porcupine gold area, which contains

an appendix prepared by \V. R. Rogers, topographer of

the Bureau, and dealing with the subject of water powers
within the area.

Mr. Rogers states that during early mining operations

in Northern Ontario, steam power from wood fuel is used
in the preliminary working of prospects, but that, as de-

velopment proceeds, timber in the immediate neighbor-
hood is soon exhausted, and then either coal or hydro-
electric energy must be resorted to for power purposes.

.'^ll the hydro-electric power furnished the Porcupine
camp comes from two plants situated on the Mattagami
River, a tributary of the Moose flowing into James Bay.
The location of the power plants with respect to the

mining area is indicated on the accompanying sketch map.
Both of these were formerly independent plants, but now
are controlled and operated by the Northern Canada Power
Company, Limited. The two plants are provided with
interswitching facilities, so that they work continually in

parallel. The new company has expended a great deal of

money in new construction, replacements, and better-

ments, so as to guarantee to power users continuous and
satisfactorj' service.

The first development was that at Sandy Falls, six

miles northwest of Timmins, which is the terminus of the

Porcupine branch of the Timiskaming and Northern
Ontario Railway. Power was available from this develop-
ment in June, 191 1, and a saw mill operated on the east

bank of the Mattagami River before the mines were ready
to use electric energy—a unique experience in a new
mining camp.

Two units are installed in the power house with a

total capacity of 2,500 h.p. It is the intention to install

other units, doubling thfe capacity. The effective head is

15 feet. During the summer of 1913 extensive improve-

ments to the plant were undertaken. The timber dam is

now replaced by a concrete structure, from which water
is carried to the power house by a 9-foot wood stave and
an 8-foot steel penstock.

\ continuous record of the flow of the river has not

been kept, but several measurements have been made
during low-water periods in different years and meter
records are as follows :

—

January 20, 1910 1.654 cubic feet per second
March, 1910 517 cubic feet per second
March 25, 191 2 633 cubic feet per second

March 25-26, 1914 500 cubic feet per second

A meter record taken July 4, 191 1, at Cypress Falls,

some miles down the river, gave a discharge of 3,351
cubic feet per second. Here the drainage area is estimated
at 4,500 square miles, whereas at Sandy Falls it is only

2,500 square miles. Reducing the reading on this basis
would give a flow of 1,862 cubic feet per second at .Sandy

Falls on the above mentioned date.

From the available records it will be seen that 500
cubic feet per second may be assumed at the extreme low-
water natural discharge. This is equivalent to only 1,600
h.p., while the total capacitv of the present installation

is 2,500 h.p. Consequently controlled storage must be

resorted to for increasing the minimum flow. This is now
provided for above Wawaitin Falls.

The other power house, situated at Wawaitin Falls,

is distant 11 miles southwest of the town of Timmins.
This plant was not ready to supply power until the autumn
of 191 2. From the dam at the foot of Kenogamisee Lake,

an expansion of the Mattagami River, there is an open

canal 1,200 feet long from which water is led through

two 9-foot wood stave penstocks, each 1,500 feet in

length, to a surge tank, 40 feet in diameter, on the crest

of the hill overlooking the power house. From the surge

tank two 8-foot steel penstocks, each 1,300 feet long, lead

to the power house. The operating head is 125 feet. At

present two units are installed with a total capacity of

7,000 h.p. Canal and head works, however, are arranged

so that the power house can be extended and two more
units added, thereby doubling the capacity.

Fig. I,—Showing Location of Power Plants on

Mattagami River at Wawaitin and Sandy Falh

also Transmission Lines to the Porcupine Mines

the

Meter records available at this point under natural

flow are as follows :

—

March, 1910 366 cubic feet per second

July 15, 191 1 792 cubic feet per second

March 16-30, 1913 .... 195 to 240 cubic feet per second

March 25-26, 1914 354 cubic feet per second

The Cypress Fall record for July 4, 191 1, corrected

for a drainage area of 1,000 square miles instead of 4,500,

would give a natural flow of 745 cubic feet per second.

This record corresponds closely with that for July 15,

191 1. .Assiuning 200 cubic feet per second as the minimum
natural flow, the horse-power resulting would be only 30
per cent, of the present capacity of the power plant, hence

the necessity for storage.

From the records, it would appear that a run-off co-

efficient of 0.2 cubic feet per second per square mile of

drainage area may be taken as representing the minimum
flow of the Mattagami River under natural conditions.

Storage.—High-water periods in Northern Ontario

are at the time of the spring break-up, and to a much less
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exioni (luiiiii; the laic autimiii, when rains are usually
fairly abuiutanl. l'\-l)ruary and March have been the
months when vvaler hccimics scanty, particularly in those
winlers when ihe usual ihaws did not occur. How to pro-
vide for low-waier periods without reliance upon auxiliary
slcam plants is a problem that can be solved only when
abundant storage is possible. The experience of the
power plants on the Mattagami River has very definitely

established this fact.

Pond.ige may be considered as the closc-at-hand
storage of water immediately available for use in the tur-
bines. It is a necessary precaution in Ontario water
powers in order to provide against ice troubles as well as
to meet local fluctuations in power needs during the day.
Three distinct types of ice are met with: surface or sheet,
anchor, and frazil. The first, in addition to restricting
the area of the channels, is liable to cause jams in the
spring, cutting off the water supply or raising the tail

water with a consequent loss of head. .'\nchor ice fre-

quently rises in large masses, often carrying boulders and
soil which are liable to damage the ice racks. Frazil ice,

in the shape of needles, forms in rapids when the tem-
perature is slightly below the freezing point. These
needles or crystals gather in lumps and adhere readilv to

any surface with which they come in contact. Trouble
from these latter sources is avoided when a long stretch

of still water exists above the power house, while surface
ice trouble is largely overcome by proper dam construction.

Prior to the erection of the large plant of the Abitibi

Power and Paper Company, at Iroquois Falls, on the

.\bitibi River {see The Canadian Eiis:irieer, July ist, 1915),
the two power plants on the Mattagami River were the
only ones in Ontario on the James Bay slope. Conse-
quently, their experience is of value to other power de-

velopers and users. The James Bay drainage basin is

very conservatively estimated as capable of developing

1,500,000 h.p., or 30 per cent, of the total potential water
power of the Province of Ontario.

When the meter record of March 25-26, 1914, was
taken at Wawaitin the total flow was 518 second-feet, of

which 164 was drawn from a storage basin of 33,000 acre-'

feet. During the winter of 1914-15 a new- dam was built

at Kenogamisee Falls, increasing the storage capacity to

100,000 acre-feet. This reservoir should be ample to sup-

plement the flow at low-water periods. Kenogamisee
Lake, the original reservoir, is shallow, and the water
available is considerably lessened in late winter by a two-
foot covering of ice.

Floods and Forests in Relation to Storage.—Floods
are reduced in magnitude and stream flow rendered more
constant where the drainage basin at headwaters is

forested. For the most part. Northern Ontario is a

forested area, but, where such is not the case, reforesting,

particularly at the sources of streams, as an aid to reliance

upon storage reservoirs, seems a necessary precaution of

the future in order to prevent disasrtrous floods, and to

equalize as much as possible the stream flow throughout
the year. Floods may do little damage at present except

to power installations, so the ideal conditions will not

receive much attention until some future time when a

shortage of power makes their consideration urgent.

Sometimes Ihe lopographv of drainage areas pre-

cludes the possibility of providing large storage reservoirs.

In Northern Ontario, water storage above the natural

high-water mark on streams and lakes is not desirable, as
it results in killing the timber along the banks and shores,
giving the country a most desolate and deserted appear-
ance. The concensus of opinion favors storage at or near
the sources of streams, thereby preventing a combination

of conditions which usually occasion disastrous floods in

the areas adjacent to ihe lower stretches of the river.

In the particular case of Ihe Mattagami River, the
present storage not only helps the power plants already
in operation, but will improve the conditions for future
developments farther down the river. .At eight different

points down stream where surveys have been made, the

farthest of which is only 75 miles north of the Transconti-
nental Railway, it is possible to develop a total of 149,235
h.p. under natural conditions. In this estimate the co-

efficient used for minimum low-water discharge is 0.3
c.f.s. per square mile of drainage area. Records at Sandy
and Wawaitin Falls indicate that 0.2 is the proper co-

efficient. This would reduce the estimate of imdeveloped
energy on the Mattagami River to 100,000 h.p. Storage
facilities, with the exception of those already mentioned
in connection with the Wawaitin development, are very
meagre, and consequently the river cannot be described as

well-regulated in its natural condition.

Power Storage.—In his statistical review, referred to

above, T. W. Gibson points out some of the power diffi-

culties that have been experienced, and refers briefly to

the auxiliary steam plants that have Ijeen provided by the

larger mines to meet emergencies resulting from electric

power shortage.

During the winter of 191 1 -12, owing to extreme low
water, there was a shortage of power for operating the

Porcupine mines, but since that date the Wawaitin Falls

development has been completed and the Sandy Falls

plant improved and enlarged. Despite this increase of

capacity there was again a decided shortage of water

during the winter of 1914-15 that was not relieved until

the second week in April, 1915, thereby seriously inter-

rupting the work of the mines and curtailing the gold

production.

In the Porcupine camp, provision has been made, to

the extent of about 2,500 h.p., to meet periods of power
interruption. This is notably the case at the HoIIinger

mine, where two new compressors, driven by synchronous

motors, have been arranged so that they can be turned

into steam engines and the motors used as electric gen-

erators supplying current for general use around the mine

and mill or for driving other compressors.

Power Costs.— In the Cobalt silver cam.p w'here the

Northern Ontario Light and Power Company operates,

and also at Porcupine, where the Northern Canada Power
Company supplies electric energy, a flat rate of $50 per

horse-power per annum has obtained until recently. Many
of the contracts are expiring and the power companies

are proposing to introduce new schedules with a sliding

scale of rates depending on the amount -of power con-

sumed and the load factor. In some cases the new rates

work out at a higher figure than the old. The largest

consumer in the Cobalt camp is the Dominion Reduction

Company, which requires over 500 h.p. for operating its'

plant. The Dome and HoIIinger mines are the largest

consumers in the Porcupine camp. At the present time

the former uses about 2,000 and the latter 3,500 electrical

horse-power.

CHANGE OF NAME.

The International .Xcheson Graphite Company of Niagara
Kails, N.Y., has changed its name, and hereafter will be

known as Acheson Graphite Company.

Some tests of the weitrht of frcshlv rut woods have just

been made by the Laurcntidc Company, of Grand Merc. P.Q-

They show that brown ash wri^hs 50.26 pounds per cubic

foot, yellow birch 64.40 pounds, white birch 55.<)2 pounds,

elm 71.11 pounds, and sugar maple 73.36 pounds.
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WATER, SEWAGE AND REFUSE.

Chatham, Ont,—A 2-inch water main will be laid to supply

the new sugar factory site for construction purposes. About
1,500 feet of pipe will be required. W. G. Merritt, City Clerk.

A

—

Collingwood, Ont.—Tenders will be received by Hugh
.\. Currie, Chairman of the Collingwood Water and Light Com-
mission, up to S p.m., on Wednesday, March ist, for the fol-

lowing works:—U) Steel water tower. (2) Foundation for

steel water tower. (3) Pumping machinery, comprising one
motor-driven unit of Soo imperial gallons capacity. (4) Pump
well and connections. Plans and specifications may be seen

at the office of Chipman & Power, Engineers, 204 Mail Build-

ing, Toronto, or at the Water and Light Office, Collingwood.

Niagara-on-the-Lake, Ont.—.-Xn S-inch tile sew-er wdll likely

be constructed on Prideaux St.

Ottawa, Ont.—The city council intends to undertake the

following works as local improvements : A g-inch tile pipe

sewer in Bullman St., from Parkdale Ave. to the west limit

of Lot No. 894 Bullman St. North, at an estimated cost of

•"81,460.85; a 12-inch tile pipe sewer in Scott St., from Pine-

hurst Ave. to the west limit Lot No. 891 Scott St. South.

Estimated cost, $3,238.40. Norman H. H. Lett, City Clerk.

Stratford, Ont.—The board of works recommended the

construction of a sewer on Nelson Street, from Walnut Street

to lot 246 ; also improved storm drainage on Mornington
Street, from Waterloo Street to James Street, and from the

intersection of Birmingham and Youngs Street to the Erie

Creek. .-X. B. Manson, City Engineer.

+—Toronto, Ont.—Contracts for sewer construction,

awarded by the board of control, were as follows : Cawthra
.\ve., Lloyd .\ve. to C.P.R., to R. C. H.A.RR1S, Commissioner
of Works, at $4,074; ConnoUv St.. Laughton Ave. to Camp-
bell Ave., to W. E. TAYLOR, at $1,198.

Toronto, Ont.—The Provincial Board of Health has ap-

proved of sewer extensions at St. Catharines.

Winnipeg, Man.—Estimates of the cost of nine-inch and
18-inch sewer accommodation for the military in the exhibi-

tion grounds will be submitted to the board of control by
\V. P. Brereton, City Engineer.

Winnipeg, Man.—Plans are being prepared for the con-

struction of watermains to the proposed Institute for the Deaf
and Blind.

Winnipeg, Man.—The Jefferson Ave. Joint Sewer Com-
mittee has given orders that the sewer must be built to the

west side of the C.P.R. Winnipeg Beach line by March 15.

LIGHT, HEAT AND POWER.

Amherstburg, Ont .-\ new street lighting- svstem will be
installed at a cost of $2,582. G. E. Pulford, Clerk.

Dereham Tp., Ont.—The township council proposes to in-

stall light and power svstems. .Xlex. Bell, Mount Elgin, Ont.,
Clerk.

East Williams Tp., Ont.—Estimates on the construction of

a hydro-electric line from Granton to .A.rkona will be secured
by the township council. W. McCallum, Nairn, Ont., Clerk.

Calt, Ont.—The city will purchase an electric motor for

the pumping station. Jos. McCartney, City Clerk.

Hamilton, Ont.—Tenders will be received up to 5 p.m.
on Monday, February 21st, for the removal and re-erection of

existing pumps, motors and electrical equipment at the Gage
.\ve. sewage pumping station. Plans and specifications may
be seen at the office of A. F. Macallum, Citv Engineer, Citv
Hall.

London, Ont—The Canadian Pacific Railway Telephone
Co., Montreal, proposes to run a new copper line between
London and Toronto.

McCilliwray Tp., Ont.—Estimates arc being prepared by
the Hydro Commission on the cost of a line through Mc-
Gillivray from Lucan to Grand Bend. J. D. Drummond,
.\ilsa Craig. Clerk.

New Toronto, Ont.—Tenders will be received up to 4 p.m.
on Friday, February i8th, for the supply of a 500-gallon tur-
bine pump together with motor. Engineers, James, Loudon
tt Hert/licrg. Excelsior Life Building, Toronto.

Niagara Falls, Ont.—The Ontario Power Company will

spend $3,ooo,ocK) to build a third pipeline and install new
units to increase by one-third the amount of power the com-
pany at present can generate. The work will require two
years to complete.

A—Ottawa, Ont.—Tenders will be received up to 12 o'clock
noon, March ist, for the construction of a pumping station
and electric sub-station on Lemieux Island ; the manufacture,
delivery and installation of main piping, valves and specials;
heating and plumbing, all for the above station. Plans and
specifications may be seen at the office of the Engineer, John
B. McRae, 310 Booth Building, Ottawa.

H— Ottawa, Ont.—The following contracts have been
awarded bv the citv council : Supplv of one motor,
SHEPHERD & CAMERON, Oueen St. ;'two pumps. MUS-
SENS. LIMITED. Montreal; boiler, OTT.\WA BOILER &
STEEL WORKS, 135 Broad St.

H—St. Thomas, Ont.—The local hydro-electric commis-
sion awarded the contract for two 750 k.v.a. transformers to

the CANADIAN GENERAL ELECTRIC COMPANY, LIMIT-
ED, of Toronto, for $6,650.

Tisdale Tp., Ont.—The township council will purchase a
fire pump estimated to cost about $5,000. W. H. Wilson,
South Porcupine. Ont., Clerk.

BRIDGES, ROADS AND STREETS.

Edmonton, Alta.—Mr. J. D. Mc.\rthur, of Winnipeg,
President of the Edmonton, Dunvegan and British Columbia
Railway, states that plans are being prepared for a large
steel bridge over Peace River at Peace River Crossing.
Estimated cost, .$750,000.

Frontenac County, Ont.—The good roads committee was
authorized by the county council to appoint a commission to

act in conjunction with a commission to be appointed by the
Lieutenant-Governor in Council to lay out and designate a
suburban area of county roads adjacent to the city of
Kingston.

Hamilton, Ont.—Plans for the bridge over the Valley
Inn, to be used in connection with the entrance of the To-
ronto-Hamilton highway to the city, will shortly be considered
by the board of control. It is estimated that the bridge will

cost $250,000.

Merritton, Ont.—The town council is considering the lay-
ing of pavement on a portion of Merritt St. F. Rutherford, 24
Queen St., St. Catharines, Engineer.

Montreal, Que—Tenders will be received by the Board
of Commissioners, City Hall, up to noon, Thursday, February
24th, for the supply and delivery of refined asphalt. Specifica-
tions may be obtained at the office of the Superintendent of

Purchases and Sales, and all necessary information will be
given at the office of Paul E. Mercier, City Engineer.

West Toronto, Ont.—The Good Roads Commission has
recommended that Dundas Street, from Runnymede Road to

Lambton Hill, be paved with asphalt. Estimated cost, $i2,or:o.

York County, Ont.—The county council passed a by-law
to borrow $78,000 to finance the York road system until the

June session of the council, when debentures will be issued.

Of the total $12,000 is for maintenance, $35,000 for construc-
tion, and the balance to meet liabilities already incurred.

York County, Ont.—York county council has decided to

construct 210 miles of highways at a cost of between $700,000
and $Soo,(K)o. E. .A. James, 57 .Adelaide St. E.. Engineer.
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l-ACTORll^S AND LAHUt BUILDINGS.

+--Arnprlor, Ont.—^Contract awarded bv the Department
of Militia and Defence, Ottawa, to MAURICE SULLIVAN, of

this town, for the erection of a drill hall.

Buckingham, Que.—The .Alexandra Hotel, recently de-

stroyed by lire, will be rebuilt at once. Estimated cost, $20,-

000. J. A. Bernardin, Owner.

Cottam, Ont.—The Imperial Bank proposes to establish a

branch here. W. A. Clark, Essex, Ont., Manager.

Davidson, Sask.—The Bank of British North America was
destioNi-ti by lire recently. Loss, $4,000.

Ditton, Que.—The School Board is considering the erection

of three schools, estimated to cost $4,400. Secretary, Tan-
crede ll:illc. Ditton.

Edmonton, Alta.—The three-story plant of the Emery
Manufacturing Company was destroyed by fire last week.

The loss is $100,000.

Haileybury, Ont.—The hotel owned by Oito Knapp has
been entirely destroyed by fire. Loss, $90,000, insurance

$62,000. Owner will probably rebuild in the spring.

Hamilton, Ont.—As a result of a conference between the

board of control and the hospital board, it was decided to

erect a nurses' home in connection with the Mountain Hos-
pital at a cost of $30,000. S. H. Kent, City Clerk.

+—Hamilton, Ont.—Contract awarded to D.WVSON &
WEST for repairs to the building on Catharine Street North,
of Kent, Garvin & Co. Estimated cost, $2,800.

Hamilton, Ont.—The Grand Trunk Railway Co., Mont-
real, will erect a new station on North Ferguson Ave., to re-

place the old structure at the Corner of King Street and
Ferguson .Vvenue.

^—Hespeler, Ont—A. B. Jardine & Company's plant, de-

stroyed bv fire last week, will be rebuilt. The contract for the

carpenter work has been let to PRESTIEN & BARTLES. and
for the masonry work to GRILL BROS.

Loco, B.C.—The Imperial Oil Company, Limited, 404
.\bbott Street, Vancouver, contemplates the erection of an
office building and club house, at an estimated cost of $18,000.
Tenders will be called later.

London, Ont.—Plans are being prepared for enlarging the

plant of the Parnell Steam Baking Company, and installing

new machinery. Estimated cost, $50,000. E. Parnell, Man-
ager.

Moncton, N.B.—Tenders will be received by George
Morton, Secretary, School Trustees, McQuade P.O., Monc-
ton, N.B., up to February 17th, for the construction of a

schoolhouse. Plans and specifications may be seen at the
Times Office. Moncton, or on application to Jas. McQuade,
McQuade P.O.

Montreal, Que.—.\ccording to a statement made by J. H.
Rainville, M.P., a large factory will likely be built here for
the manufacture of cutlery.

Oakville, Ont—Wallace, Chapman & Marshall will estab-
lish a factory here for the manufacture of boxes, etc.

Ontario.—Votes by the Dominion Government for public
buildings in Ontario, mostly revotes or to complete buildings
already begun, include the following:—Barrie, drill hall, $15,-
000; Berlin, public building, $50,000; Brantford, new- drill

hall, $75,000; Brussels, public building, $22,500; Burford,
public building, $10,000; Burk's Falls, public building, $20,-
000; Campbellford, public building, $16,000; Cannington,
public building, $8,000; Cobourg, new public iDuilding, $25,-
000; Copper CliflF, public building, $15,000; Cornwall, public
improvements, $3,000; Dunnville, public building, $20,000;
Durham, public building, $24,000; Elmira, public building,
$5,000; Exeter, public building, $15,000; Forest, public build-
ing, $20,000; Fort Frances, pulilic building. $25,000; Fort
William, customs house and examining warehouse, $15,000;
Fort William, drill hall, $.30,000; Gait, drill hall, $6,000;
Georgetown, public building, $20,000; Gore Bay, public build-
ing, $5,000; Gravenhurst, public building, $20,000; Hamilton.
7 public buildings, enlargements and improvements, $47,000;
Hamilton, Postal Station "B," $35,000; Hespeler, public
building. $22,000; Huntsville, public building, $20,000;
Ingersoll, drill hall, $25,000; Kenora, drill hall, $20,000;
Kingston, R.M.C., covered drill hall. .$15,000: Kingston,
ordnance stores building, $10,000; Kingsville, public build-
ings, $20,000: Lindsay, public building improvements, $7,-

000; Listowcl, drill hall, $3,000; London, armory, to enlarge
site, $50,000; London, postoffice, $95,000; London, Customs
House improvements, $7,000; Meaford, public building, $10,-

000; Millbrook, public building, $20,000; Milverton, public

building, $5,000; Morrisburg, public building, $20,000;
Napanee, drill hall, $10,000; New Liskeard, public building,

$20,000; New Hamburg, public building, $10,000; Oakville,

public building, $5,000; Orangeville, public building, alt^a-
tions, additions, etc., $9,000; Ottawa, departmental buildings,
fittings, etc., $50,000; Ottawa, Customs building, .$530,000;
Ottawa, new drill hall, $50,000; Ottawa, Parliament buildings,
improvements, $30,000; Owen Sound, drill hall, $25,000;
Palmerston, public building, $19,000; Parry Sound, public

building, $20,000; Pembroke, drill hall, $4,000; Penetangui-
shene, public building, $7,000; Perth, public building, $25,-

000; Peterborough, new public building, .$47,000; Petrolea,

public building, improvements, etc., $2,000; Picton, postoffice

addition, etc., $11,000; Port Stanley, public building, $5,000;
Sault Ste. M.-irie, drill hall, .$25,000; Southampton, public build-

ing, $20,000; Stratford, public building, .alterations, and im-

provements, $20,000; Sturgeon Falls, public building, .$7,000:

St. Catharines, public building, repairs to roof, etc., $3,000:
Sydenham, public building, $5,000; Walkerville, public build-

ing, $5,000; Wallaceburg, public building. $25,000; Watford,

public building, $20,000: West Lome, public building. $20.-

000; Weston, public building, .$10,000; Wiarton, public build-

ing, $10,000: Windsor, drill hall, extension, .$25,000.

Ottawa, Ont.—Fire completely destroyed the manufactur-
ing establishment of the Grant, Holden and Graham Co.,

Limited, on .Albert St., recently. Estimated loss, $20,000.

Prince Rupert, B.C.—Plans are being made by T. M.
Michaels and F. J. Burling, for the construction of a wood-
Working plant in this city. A sawmill will also be erected in

the early spring at Port Simpson, B.C.

Regina, Sask.—Plans are being prepared for a four-room
school.

Richelieu Village, Que—The erection of a school is con-

templated by the School Board. Estimated cost. $3,000.

Secretary, J. C. Bashaw.

Smith's Falls, Ont.—The Elgin Ward School was totally

destroyed by fire last week.

St. John's, Nfld.—W. F. Coaker. of St. John's, contenT-

plates the establishment of a shipbuilding plant at Catalina,

Xfld.

Stratford, Ont.—A. J. Bates, of the McConkey-Bates Co.,

proposes to build a factory for the manufacture of corrugated

iron.

Sydney, N.S The Knights of Columbus contemplate the

erection of a building estimated to cost between $20,000 and

$30,000.

H—Toronto, Ont.—Contract awarded to the DOMINION
BRIDGE CO. for alterations to the premises of the Standard
Sanitary Mfg. Co., 55 Richmond St. E. Estimated cost,

$1,000.

Toronto, Ont.—The factory of the Hamilton Carburetter

Company on Queen Street will be enlarged.

Toronto, Ont.—The Board of Education is considering

the construction of an Industrial Farm School to consist of

buildings each capable of accommodating fifty inmates. Esti-

mated cost, between $25,000 .and $50,000 each.

Vancouver, B.C.—Mr. Mex. Pantages, of Seattle, has

announced that work will start shortly on the erection of a

theatre on Hastings St., estimated to cost $250,000.

+—Vancouver, B.C.—The work of constructing a $60,000

addition to the plant of the .American Can Co.. Railway St..

will be carried out bv the DOMINION CONSTRUCTION
COMP.A.NY.

West Carafraxa Tp., Ont.—The trustees of School Sections

Nos. 4 and 10 are considering the erection of schools. Secre-

taries, W. J. Philip, R.R. No. 3, .Arthur, Ont., and J. A.

Spence, R.R. No. 3, Arthur, Ont.

Woodstock, Ont The Stand.ard Wire Fence & Tube Com-
pan\ will < rt ( t a new warehouse, estimated to cost $1,000.

ADDITIONAL CONSTRUCTION NEWS
1V7II he found on page ^S.
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THE ENGINEER AND STANDARDS OF BEAUTY.*

By G. R. G. Conway, M.Can.Soc.C.E.,
Consulting Engineer, Toronto.

THE work of the engineer touches every phase of

our national and civic hfe, and the influence of

engineering structures upon the community life of

the people is of great national importance. In new
countries we cannot expect in the early pioneer days that

much consideration will be given to the finer details of

designing. To open up great tracts of unpeopled terri-

tory, railways must be built as rapidly and as cheaply as

possible, and there is always a fitness and simplicity in the

temporary structures that are erected with the available

local materials that appeal to us with pleasure because in

this pioneer stage there is no time for the consideration

of how such structures will look. To create electrical

energy, waterfalls and rivers must be harnessed, and to

accomplish this economically dams of the cheapest ma-
terials are thrown across streams and rivers for storage

place of the old bear most emphatically the stamp of per-
manence. If, then, we are building structures that are to

last for generations, is it not worth while to design them
so that the Canadians of future generations, looking back
upon the great works being carried out to-day, and the

greater works which we anticipate to-morrow, will admire
and appreciate the early work of the 20th century as we
admire and appreciate the great works executed at the

beginning of the 19th century in Great Britain and France?
Or, to go further back, as we ourselves admire the work
of the Romans—that wonderful race, great in art, great

in science, and famous for immortal laws, who "builded

better than they knew," and who, with true and noble

colonizing instincts, scattered over two continents wonder-
ful engineering works that we can marvel at even if we
cannot emulate them.

The standards of beauty are enlarged with the growth
of knowledge. Many of the works of the ancients are of

great beauty and will always remain beautiful, but beauty

and the appreciation of beauty are inherent in ourselves.

The creation of beautiful structures can only be attained

Service Reservoir, Monterey, Mexico, Showing a Simple Architectural Treatment of Valve Houses
and Layout of Roof in Grass Plots.

purposes. To develop highways, bridges must be built,

and these, too, in the early days consist of a few logs cut

down on the site and secured after the primitive fashion

of the pioneer in all ages. As the new country develops,

however, and this is true all over the American continent,

wealth is created on the foundations laid by the sturdy

pioneers of our race, and the small structural works have

grown into gigantic engineering enterprises serving, it

may be, millions of people, and because of such service

•daily influencing their comfort and well-being. The en-

gineer is then brought face to face with the idea of per-

manence in his structures, and in the interests of eco-

nomical administration it is necessary for him so to design

his structures that the annual cost of maintenance is re-

duced to a minimum. The temporary trestles and bridges

of the early railroads are replaced by steel, masonry, con-

crete or earthen structures. Old timber crib dams make
way for permanent structures of concrete or earth work.

Simple timber railway stations become massive structures

of brick or stone, and so on throughout the whole range

of the engineer's province, the new structures taking the

•From an illustrated address before the Ottaw,i Branch of the Canadian
Society of Civil Engineers, January 21st, 1916.

by a full and true knowledge of the kind of materials used,

and by certain subtle distinctions born of integrity of pur-

pose and refinement in handling those materials. Ruskin's

well-known aphorism, in which he defines architecture as

"the art which so disposes and adorns the edifices raised

by man, for whatsoever uses, that the sight of them may
contribute to his mental health, power and pleasure," has

a meaning for us as engineers.

This is an age of specialization. That, of course, is

an idle platitude, for no man can say to-day, as Lord

Bacon said, "I will take all knowledge tobe my province."

Even the most versatile engineer can attempt to master

but one branch of his profession. In our own Society we
have among those directing the "great sources of power

in Nature for the use and convenience of man," engineers

engaged in bridge design, railroads, canals, hydraulics,

water supply, and sewerage; electrical, mining, municipal

mechanical, and chemical engineers, but in olden days the

sister professions of engineering and architecture were

practised in many cases by the same individual. Roman
engineers, designers of the Claudian Aqueduct and the

Pont du Gard, produced great engineering works which

are amonc; the finest architectural remains of that great
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race, and in the Renaissance period were not such artists

as Michael Angelo, Leonard da Vinci, and Palladio great
both in architecture and engineering? In mediaeval ages,
bridges, churches, cathedrals and dwelling houses were
designed under the supervision of the priests and clergy,

but during the i6th and 17th centuries these supervisors
of craftsmen became more interested in doctrinal contro-
versies and so both architectural and engineering problems
passed from their control, and the new profession of the
civil engineer arose with such pioneers as Brindley,

Smeaton, Telford, and Rennie.

With the development of steam and all the discoveries

of modern science and engineering, the separation of the

two professions became wider, but I think to-day there is

a new spirit that is drawing them together again. The
((uestion, then, of the aesthetic treatment of engineering
structures is to-day more fully appreciated by an enlarging

circle, and it is one in which the engineer needs and
desires the co-operation of the architect. This co-operation

of the engineer and architect will have the effect of stimu-

lating a healthy public interest in the need for great en-

gineering structures being made as beautiful as possible.

It lias been said by a well-known engineer that if two
designs are submitted to a board of directors, the one
beautiful and the other ugly, the directors will always
choose the ugly one, but this is untrue to-day, and many
great corporations are setting a worthy example in en-

couraging the co-operation of the engineer and the

architect.

Why should not even the humblest railway station

be a beautiful object? ^^'e no longer believe in Ruskin's
fierce denunciation of railway stations, and in these davs
of constant travel the comfort and beauty of well designed
railway terminals are a delight to travelling man. Why
cannot we have beautiful designs for the buildings and
chimneys of steam power plants, for a water tower, for

all our bridges, for service reservoirs, and valve houses?
We should, though, in every case, let these structures

speak for themselves and express by their design their

meaning, stating plainly, without pretension, what they

represent. We do not want a railway terminal to look

like a temple for the worship of Minerva, nor a steam
plant chimney to resemble Cleopatra's needle.

Probably most of the discussion upon this subject has
arisen in connection with the design of bridges, and the

writer has noted with pleasure recently the influential en-

gineering press stimulating thought in this direction. Let
us, therefore, examine first the evolutionary changes in

bridge design by referring to some old and modern types
of bridges. The earliest method of crossing a river was,
perhaps, by stepping stones, by logs thrown across the

stream or, where the span was wide, by a bridge of boats.

It is, though, outside the scope of this paper to discuss

the origin of the several types upon which all modern
bridges are designed. Many beautiful bridges have been
designed in wood. W'e have records of some of the

earliest that combined great ingenuity with beauty, and
to-day in Switzerland and Japan are many notable

examples.

For two thousand years the engineer has been able

to make masonry bridges beautiful, and although his op-

portunities in Canada for constructing such bridges are

few, a study of the older designs is of great assistance in

dealing with reinforced concrete structures which are in

our country taking the place of the cut stone structures

of Europe.

In the Pont du Card, built bv .Agrippa, the son-in-law

of Augustus, in 19 B.C., there is a "grand combination
produced by the form and proportion of the arches, and
the varied effect of dressed and undressed masonry. In

this structure, as well as in the Claudian Aqueduct, and
the aqueduct at Tarragona, in Spain, the engineering skill
is remarkable, proving that the Romans were highly
skilled in mechanics and hydraulics. In these structures
we see the harmony of science and art, twin sisters who
should never be separated, and the result stands to-day a
triumph of fine building.

In the bridge of Augustus, at Rimini, the piers are
very massive, equal in thickness to one-half of the arch
openings. There still remain traces of decoration on the
key stones, and the ruined cornice indicates that the
bridge was one of great beauty. Judging from its massive
proportions, it is probable that over the piers were
elaborate architectural details combined with noble
statuary. Structurally it is excellent engineering, and
even now, after the lapse of nearly 2,000 years, can be
seen the fine workmanship of the old masons.

In the Renaissance period in Italy we could select

many types for illustration of beautiful bridges which were
erected by architects and engineers. One of the best-
known, and one which well repays careful study, is

Bartholomew Ammanati's famous bridge, which was re-

built in 1566-1569, called the Pont della Trinata, over the
Arno, at Florence. Ammanati's genius as an architect
and sculptor is well known, and in this bridge we find

careful study given to the engineering details that go to

make up a successful structure. There are three spans,
the centre 90 ft. 10 ins., and the two side spans 87 ft. 7
ins. The arches are two parabolic curves meeting at a

centre with a slight angle which is obscured by an orna-
mental escutcheon. The arch ring is very heavily

moulded, and the spandril panelled, a method which re-

quires very careful treatment to prevent the scale of the

design being lost.

During mediaeval limes many beautiful bridges were
built in Great Britain which are standing to-day more
beautiful than ever with the "golden stain of time" upon
them. The Bridge of Dee is an excellent example. Of
particular worthiness of note is the treatment of the under
side of the arch by ribbing so as to economize material

and produce at the same time delightful effects of light

and shade. It might be suggested that a similar treat-

ment is possible in an economical design of a reinforced

concrete bridge.

[Mr. Conway similarly called attention to the early

masonry bridges of France, and to the London, Waterloo,
•Aberdeen and Grosvenor masonry bridges of Great
Britain. Over 40 lantern views of bridges were shown,
the selection bringing out in an able manner the aesthetic

features of each. As lack of space forbids the presenta-

tion here of these illustrations, portions of Mr. Conway's
discussion relating specialh' to certain examples are

necessarily omitted.—Editor.]

Iron and Steel Structures.— It is when we come to

consider the modern development of bridge building, and

the introduction of iron and steel, that the aesthetic

problems assume a different character from those of

simple masonry structures. The development of the use

of iron and steel in bridge building has been, to use

Herbert Spencer's line of progress in organic evolution,

"from simplicity to complexity of structure, and from
obscure complexity to a defined simplicity of function."

It is this simplicity of function which is the prevailing

note of all well-designed steel structures. Michael .Angelo

maintained that to an architect a knowledge of anatomy
was essential. Can we not also say that to those who
examine iron and steel structures from the purely aesthetic

viewpoint a knowledge of the anatomy of a bridge is

necessary, and an understanding of the relationship and
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the functions of nil its separate parts? Metal bridges in-

clude the majority of all long-spanned arches. The longest
single masonry span in existence is 295 feel, and bridges
of reinforced concrete have already been constructed with
spans up to 325 feet. The longest single steel span, as
you all know, is that of the Quebec bridge, which is 1,800
feet. In such structures, therefore, the addition of orna-
ment would be entirely false and foreign to the funda-
mental principle of their design, and its application, if

done at all, could only be carried out consistently by a

great increase of weight and sacrifice of economy.

The standard of aesthetic criticism to be adopted
must depend, therefore, upon whether the most suitable

application of the material used has been made, and when
it is possible to select an optional design the choice must
lie with the most beautiful outline consistent with economy.

Power House No. 2, Lake Buntzen, B.C.

The sweeping condemnation of all iron and steel structures
that has sometimes been made by artists and architects is

due to a false and unfair appeal to standards which, how-
ever true they may be when applied to masonry bridges,

cannot be applied to structures which have forms and
functions of an entirely different nature.

The first consideration, therefore, in designing all

engineering structures after the questions of strength and
stability have been satisfied, is that the form of the

structure should be determined essentially by the material

of which it is composed, and should not copy in some
strange, fantastic form in some of its details the design of

older forms of architectural ornament.
In a discussion which took place some sixteen or

seventeen years ago at the Institution of Civil Engineers,

Professor Pitc said that as a practical designer he would
like earnestly and heartily to press home the fact that

artistic simplicity would be achieved by disassociating
from the mind all architectural phrasology, all architec-
tural ornament, all architectural traditions, such fantasies
as the curve and compound curve lines of beauty, and by
aiming in metal bridge building at exactly the same beauty
of workmanship, beauty of economy of material, beauty
of accomplishment that please the mind in any form of
mechanical effort. In that way engineers would keep
clear of the changing whims of artistic fashion, keep clear
in metal of the traditions of an architectural art of stone,
of the traditions of an architectural art in wood, and work
out in iron with its different qualities and stresses an
aesthetic style based on the absolute scientific necessities
of engineering practice which would, without doubt, af-

ford infinite satisfaction to generations to come.

The earliest attempt to build an iron bridge was made
at Lyons in 1755. The arches were actually cast, but the
attempt was abandoned as too costly, and the real intro-

ducers of iron in bridge building were two ironmasters,
Reynolds and Derby, who designed the bridge in Coal-
brookdale. In this bridge there is a curious treatment of
metal work which tiie early designers, under the influence

of mediaeval bridges, adopted. .'\t a later date, at the
beginning of the 19th century, when Rennie and Telford
were making use of the new material for longer span
bridges than they had hitherto adopted, and where the
metal bridge was combined with masonry abutments,
careful attention was given to the architectural treatment
of the masonry portion of the work.

In such bridges as the Garabit viaduct in the south
of France, Niagara Falls bridge, Brooklyn Suspension
bridge, and the bridge over the Zambesi River, the most
exacting demands are satisfied. These bridges please the

eye because of their sense of fitness to the site and the

work they have to perform.

Probably the cantilever bridge has been, more than
any other form, subjected to severe criticism from the

aesthetic point of view. The famous Forth bridge, which
perhaps represents the highest expression of engineering

skill yet reached, roused a storm of aesthetic criticism,

which was to be expected against a structure few people

could understand. William Morris, a man for whom many
of us have the greatest admiration, and one who spent

his life successfully in striving to make the England he

loved so well a more beautiful place than he found it, went
down to Edinburgh when the bridge was completed and
said there never would be an architecture in iron, every

improvement in machinery being uglier and uglier, until

they reached the supremest specimen of all ugliness—the

Forth bridge.

The next evening at the Edinburgh Philosophical

Society, Sir Benjamin Baker appeared on the scene and
replied that he expressed a doubt if Mr. Morris had the

faintest knowledge of the duties which the great structure

had to perform, and he could not judge of the impression

it made upon the minds of those who, having that

knowledge, could appreciate the direction of the lines of

stress and the fitness of the several members to resist the

forces. Probably Mr. Morris would judge the beauty of

the design from the same standpoint whether for a bridge

a mile long or for a silver chimney ornament. It was im-

possible for anyone to pronounce authoritatively on the

beauty of an object without knowing its functions. The
simple columns of the Parthenon were beautiful where

they stood, but had they taken one and bored a hole

through its axis and used it as the funnel of an Atlantic

liner, it would, to his mind, cease to be beautiful, but, of

course, Mr. Morris could think otherwise. He had been

asked why the under side of the bridge had not been made
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a true arc instead of polygonal in form, and his reply was
that to have made it so would have materiahzed a false-

hood. The Forth bridge was not an arch and it said so

for itself. No one would admire bent columns on an

architectural facade, or a beam tricked out to look like an

arch, but that was really what the suggestion of his

artistic friends amounted to, though they did not see it,

being ignorant of the principles on which the Forth bridge

was constructed. The object had been to so arrange the

leading lines of the structure as to convey an idea of

strength and stability. This in such a structure seemed

to be at once the truest and highest art. We must admit

that the engineer was right. On the other hand, the view

of another artist, .Alfred W'atcrhouse, R..\., is interesting.

nation of Gothic architecture with a steel structure de-

stroys the sense of fitness and robs the bridge of true

beauty by giving it an architectural ch.iracler of a by-gone
age when such bridges could not have been erected.

In many simple bridges constructed in Canada to-day

to open highways in inaccessible places, a note of sim-

plicity has often been successfully struck. .As an example
of this the suspension bridge over the Bulkley River at

Hagwillgate, B.C., with the simple treatment of the

suspension piers is entirely satisfactory.

An example of the most perfect collaboration of the

architect and engineer appears, in the writer's opinion, in

the Pont Alexandre bridge at Paris (illustrated on another

page). This is a three-hinge steel arch, and the whole

Example of a Masonry Structure where Careful Attention Has Been Given to the Architectural Details of the

Design. Craig Goch Dam for Birmingham Water Supply.

Writing to Sir John Fowler after the bridge was com-
pleted, he said: "The simple directness of purpose with

which it does its work is splendid, and invests your vast

monument with a kind of beauty of its own, differing

though it certainly does from all other beautiful things

I have seen."

In the design of the Tower bridge there is a great

departure from those principles which -Sir Benjamin Baker
advocated when discussing the design of the Forth bridge.

The site of this bridge, in close proximity to the Tower
of London, influenced its design, and although the claim

has been made that' this bridge expresses perfectly the

collaboration of the architect and engineer, one feels that

the Gothic masonry is entirely out of place. The combi-

structure is one of the most beautiful that has been built

at any time. It is the work of two engineers, two archi-

tects, and two sculptors, working in collaboration.

During recent years there has been a marked advance
in the design of reinforced concrete structures, and the

pages of the engineering press fully illustrate many
notable designs that appeal to us by their simplicity.

Among those that are notable is the Langwise Viaduct,*

carrying the Churarosa Railway in Switzerland ; the

Walnut Lane bridge, Philadelphia, and a score of others.

Dams.—In the construction of dams for the storage

of water for city water supplies, power purposes, and irri-

*See The Canadian Engineer for October 14th, 1915.
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yalion WDiks, many oppoilunilics occur lur llic collabora-
tion ol an-hitccl and cntjiiucr. When llic drawings wort-

bcini; prepared in tlie ollicc of James Mansergh for those
wonderful dams in the lilan Valley for the supply of water
for Hirmingham, Mr. Mansergh asked Professor Pite and
Sir Alfred East, the one an architect, the other an artist,

to study tlic site and make suggestions to him upon their

architectural trenlmenl. The ri'sull is magniluent, and
no one who has seen those works since their completion
can fail to be impressed with the beautiful designs and
their fitness with the surroundings. In this case, and also

in the case of the \'yrnwy Dam for the storage of water
for Liverpool, the utilitarian work of the engineer has
created a beauty spot accessible to tourists. The large

works recently carried out by the Irrigation and Reclama-
tion Departments of the I'nited States include a number
of great dams which, together with the work of the Hoards

intake Tower. Coquitlam Lake, New Westminster
Waterworks, B.C.

of Water Supply for New York City and Boston, set

examples that can with advantage be followed in many
other places. With many dams, such as the simple rein-

forced concrete type, no attempt at architectural decora-

tion beyond perhaps a carefully designed parapet is re-

quired. In the Bassano dam,t which is a very massive

structure, it is to be regretted that the gate-houses have

been designed in the domestic half-timbered style—a style

which seems singularly out of place when forming an in-

tegral part of what is a magnificent concrete structure.

The influence of the architect is not always satisfactory,

even when his collaboration is sought by the engineer. As

an illustration of this, the reader is reminded of the build-

ing of the Assouan Dam in Egypt, and of some remarks

tSee The Canadian Ens:inecr for January ist, 1914,

and September 30th, 191 5.

made by Sir Benjamin Baker, tlie engineer, to the ellect

that after the drawings of the dam had been completed
they had been turne,d over to an architectural department,
and the architect, having returned from Egypt saturated
with Egyptian temples, had covered the design with de-
tails of Egyptian architecture. Sir Benjamin Baker told

the contractors who were tendering upon the work to

take no notice of the architectural ornament as he did not
want the dam to imitate a temple built four or five

thousand years before. When the dam was in progress,
tourists of all professions—artists, architects, and en-
gineers—all of whom had been dosed with Egyptian
temples themselves and had their, ideas of how a great
dam built across the Nile should look—visited the works.
Sir Benjamin Baker told the contractors to ha\e full size

models made of the suggested adornment and placed on
some of the completed parts of the dam so as to make the

suggestors ashamed of themselves. These models
frightened Lord Cromer who told Sir Benjamin that

he could Have* ail the money he needed to make the

dam safe, but that he w-as not going to spend a himdred
and fifty thousand or two hundred thousand poimds for

architectural details. Sir Benjamin told Lord Cromer
there was no intention of doing so, that he had put up the

models to show how the ornament would look in strong

sun-light with deep shadows. The result was that every-

one agreed that what might look all right and proper on

paper for a limited length would be madness applied to a

cornice 2 '4 miles long, and here perhaps is an instance

where collaboration with architects not understanding the

character of the dam would have led the engineer astray

in designing such a btructure.

Power Houses.—Canada, in proportion to her popu-
lation, has in recent years made enormous strides in the

development of water power, and from the Atlantic to the

Pacific great developments have taken place. In the de-

sign of water power plants there is a great opportunity

for the engineer to dignify his work by paying more at-

tention to the design of power house buildings and their

surroundings. Often these power plants are situated

amidst magnificent scenery, and the only blots upon the

landscape are the buildings and pipe lines. There are, of

course, notable exceptions such as the power houses at

Niagara (on the Canadian side) where an attempt has been
made to harmonize these plants in such a way as not to

detract from the beauty of the Falls. But too little con-

sideration has been given so far by power companies to

the erection of buildings that will be a delight to the

public. The Water Power Branch of the Department of

the Interior has recently taken a great interest in this

particular matter, and has been encouraging the idea by
offering prizes for the best designs for proposed power
houses on the Bow and Winnipeg Rivers. This is an

excellent step forward, and I think when plans are for-

warded to the Government Department for approval the

question of the design of power house exteriors should

also be considered bv the responsible officials. That the

architect can successfully make a beautiful power house,

even if constructed of reinforced concrete without other

materials, is shown in the design of Lake Buntzen Power
House No. 2 (illustrated herewith). This plant has been
built upon a site visible for seven or eight miles on an arm
of the sea that is a favorite yachting resort, and the design

is an imposing one from every point of view, the simple

lines and massi\e proportions harmoni/'ing with the pre-

cipitous mountains in the background. This matter is

largely in the hands of the engineer who is not often ham-
pered in his desire to produce a fine building, and in many
cases by a careful study of proportions and the economical

use of material, no extra cost will be in<^urred.
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Municipal Water Supplies.— In municipal water sup-
plies many opportunities occur on a small scale for grace-
ful treatment of such works as service reservoirs, water
towers, aqueducts, etc. In Europe and many places in

the United States there are numbers of fine works show-
ing that municipalities are becoming proud of their

property, and while they are seeking to make them per-

manent they are also attempting to make them beautiful.

Railway Terminals.—In the design of railway ter-

minals to-day it is the generally accepted practice for great
railway corporations to employ architects to collaborate

with the engineering staff, but often the architectural

style adopted is a severely classic one which does not seem
to the engineer to be an expression of 20th century rail-

way progress. Perhaps some day, under the influence of

the engineer, the architect will free himself from the tra-

ditions of archaeology and classic architecture, and give

us a railway architecture that will be an expression of our
modern spirit. Examples of the collaboration of the two
professions may be seen in the Grand Central and Penn-
syvlania railway terminals of New York, the Union ter-

minal at Washington, D.C., and the collaboration of the

architect and engineer has also been carried out in many
of the terminals of the three great transcontinental rail-

ways in Canada.

Modern Steel Frame and Reinforced Concrete Build°

ings.—In the design of modern steel frame and reinforced

concrete buildings the modern engineer and architect in

Canada have in collaboration one of the most magnificent

opportunities of evolving an architectural treatment of

their structures unhampered by European traditions. We
may perhaps criticize the architect for his neglect of a

proper study of the main principles involved in the design
of great buildings as he is in danger of becoming merely

the adorner or decorator of structures for which he is not

primarily responsible. W'e feel that the ornament on a

building should accentuate and add to the beauty of its

proportions, and in the complete design the architect and
engineer should be in closest sympathy. To the engineer

it seems incongruous to pile row on row of classic orders

and details one on top of the other in the facade of a

modern steel structure when there is an opportunity of

maintaining the leading lines of the construction. May
we not ask, when we look around and examine many
decorated steel structures in Canada and the United States,

if the architects are not too much dominated by modern
French classic influences. A very simple and beautiful

exterior treatment of a reinforced concrete building is

seen in the new Birks Building in Vancouver, and here it

will be noticed that the architects have not attempted to

hide the structural proportions of the building. In New-

York, in spite of the Government's insistence that all new
public buildings shall be of classic design, we find in the

Woolworth Building (the highest in the world) a free treat-

ment of Gothic details in terra cotta that does not hide or

destroy the proportions of the engineer's steel design. In

this building we see a very fine example of the engineer

and architect in closest sympathy. No- architect or en-

gineer alone could have produced it because the building,

from foundation to tower, involved some of the most diffi-

cult problems in engineering design. The building is one

that fascinates the onlooker and must be regarded as very

successful from the architectural point of view. The
writer is, however, aware that artists have denounced the

architectural treatment and have called the building an

eye-sore, but it would be interesting to know what alter-

native method of treatment they would propose for a build-

ing of that character. It seems to the engineer that the

architect in adorning a steel frame building should accen-

tuate its proportions if they are true. If they are not true

no ornament will help to make the building beautiful, and
engineers and architects alike should remember Pope's
criticism of the artist and poet:

"Poets heap virtues, painters gems at will.

And hide by ornament their want of skill."

and guard against the temptation to adorn with archi-

tectural details what might possibly be faulty construction.

Town Planning.—In another field of activity there is

great scope for the co-operation of the two professions,

namely, that of town planning. The civic idea is a very

ancient one and has always dominated the progressive

spirit of a great race, and in the creation of beautiful

cities this cannot -be accomplished by the landscape

gardener or architect alone, but by the co-operation of

engineers engaged in many different branches of the pro-

fession, and it would be well if we as engineers would
cordially support and assist the efforts of the new Civic

Improvement League in Canada so as to make our cities

healthier and more beautiful in the future.

Our citizens should take a keener interest in their

great public structures, and aspire to something beyond

mere utility. Before we can expect them to do so, we
must consider our own attitude and endeavor to educate

the public so that the standards of taste and ideals are

raised until Art in its highest expression pervades every

part of our civic and national life. We need a truer edu-

cation of the public, and of those chief citizens whom the

people, in their collective wisdom, send to represent them

in council chambers and in the legislature. As a result

of such education we ourselves will create structures which

will stand as permanent monuments of a people that en-

deavor not only to produce great works of utility, but

works of beauty, in the service of man.

BETTER RAILWAY EQUIPMENT NEEDED.

Speaking at the annual meeting in Chicago on Febru-

ary 4th, of the American Electric Railway Association,

while on the sublect of safety on American railroads,

Senator Oscar W. Underwood, of .-Vlabama referred as

follows to the fact that there are at least 10 employees

killed or injured on American lines to one on the railroads

of Great Britain.

"It can not be truthfully said the engineers who con-

structed these roads have builded them with less ability

than the engineers who constructed the English roads. It

can not be said that our iron and steel, our timber and

rock are not as good building material as that which is

found in the British Isles. It can not be said that the men

who sit at the throttle, or watch the signal tower are less

capable, sober and alert than the men who occupy similar

positions in a foreign land. Then why should we face

conditions that endanger human life, and make a serious

charge on transportation, that in the end the public must

bear? To my mind it is clear that the dangers involved

in our railroad system are almost entirely due to the lack

of proper transportation facilities. We endeavor to run

trains over a single track where the needs of business re-

quire double tracks. We load our freight on weak and

defective cars where new cars should long ago have taken

their place. We rely on antiquated methods for the move-

ment of our trains when our tracks should be provided

with the latest and best signal devices. In fact it cannot

be denied that to adopt modern methods and provide

proper facilities for transportation would be true economy

in the end."
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THE USE OF INFILTRATION GALLERIES IN
WATER SUPPLY.

THE water supply system of Brooklyn, N.Y.,
includes two infiltration galleries with a combined
length of about six miles, in addition to some 25
driven well stations, collecting from 975 wells

varying in depth from 30 to 325 ft. The system was de-
scribed in a paper read before the New England Water-
works Association last September, and some interesting
discussion was subsequently presented concerning the
operation of infiltration galleries, in view of the successful
use of them in Brooklyn. We refer to the following re-

marks by Alexander Potter, a New York consulting en-
gineer, which appeared in the Journal of the Association
for December

:

The procuring of water supplies by means of infiltra-

tion galleries is not commonly resorted to. Even where
the use of infiltration galleries promises to yield good
results, engineers often hesitate to make use of them be-
cause of the many failures recorded, the causes for which
either are not understood or when understood have not
been brought to the attention of the engineering pro-
fession.

The proper design of an infiltration gallery should not
be at all difficult, for the process which takes place in an
infiltration gallery is duplicated in nature by the diffused
seepage of the underground waters into surface streams.
This ground-water seepage maintains the flow in surface
streams long after the direct effects of the rainfall have
ceased. The fundamental laws governing the ground-
water flow of surface streams are fairly well understood
and apply with slight modifications to infiltration galleries.
They may be stated as follows:

1. The ground-water stream flow is fixed and limited
to the surplus underground waters accumulating and
stored in the valley.

2. The rate of seepage varies with the transverse
hydraulic slope of the ground-water table and the porosity
of the material through which the ground water flows.

3. When the hydraulic slope is not steep enough to
discharge the surplus ground waters as fast as they collect
in the valley, the ground-water table rises until equilibrium
is established, and vice versS if opposite conditions exist.

4. Except as affected by the seasonal changes of the
rising and lowering of the ground-water level, the ground-
water stream flow is constant.

There is no reason why the seepage of ground-water
into an infiltration gallery under proper conditions should
not be equally as dependable as the identical natural pro-
cess of ground-water seepage into surface streams.

An infiltration gallery may derive its supply of water
from two distinct sources : A supply derived by intercept-
ing the surface underground waters which were under
natural conditions joining the surface waters by diffused
seepage, and a supply derived by infiltration from bodies
of surface waters adjacent to the infiltration gallery. It
appears that many infiltration galleries derive by far the
larger portion of their supply from the second source. A
carefully made scientific investigation will, in nearly every
case, reveal within quite narrow limits the quantity of
water available for an infiltration gallery from the two
sources above mentioned, and as long as the draft does
not exceed the available supply there is no reason why the
yield of a properly designed infiltration gallery should
gradually decrease with time, as is only too often the case.
The recorded failures of infiltration galleries can, in the
writer's opinion, be largely attributed to the erroneous
assumption that a pipe laid below water level with open
joints or perforations and surrounded by a porous material

will continue to deliver the volume of flow developed when
first constructed, ignoring entirely the fundamental law of

supply and demand.
This is not true with Infiltration galleries constructed

on the floor of an impervious strata Intercepting the

transverse ground-water flow in a pervious strata of coarse

sand immediately above. Under such conditions, infiltra-

tion galleries have been very successful. A typical ex-

ample of such a gallery is the one constructed at Munich.

Under conditions other than that just stated, and
where the supply appears to be adequate, there is often

noted a gradual breaking down of the infiltration gallery,

apparently due to the silting up of the filter media im-

mediately surrounding the gallery. Under the natural

conditions of ground-water seepage into surface streams,

no such silting appears to take place, and when such

silting up occurs in connection with an infiltration gallery,

it can only be due to the peculiar ground-water conditions

set up by construction of the gallery. The writer believes

that the silting phenomena are primarily due to the high

velocities of the ground water through the filter media

immediately adjacent to the gallery, velocities so great

that the finer particles of soil are transported to the

gallery, gradually clogging the interstices in the filtering

media and the gallery proper. This phenomenon of clog-

ging is aggravated by the lowering of the ground-water

level in the vicinity of the filter gallery below the top of

the gallery. For a definite yield, as the wetted perimeter

of the gallery decreases, the entrance velocity increases in

inverse proportion. To attempt, therefore, to force an

infiltration gallery to the extent of lowering the ground-
water table below the top of the gallery, will tend to in-

crease the danger from clogging and materially shorten

the life of the infiltration gallery, especially when con-

structed in the finer sands.

W'ith tubular wells, the question of high entrance

velocity in the filtering media surrounding the well screen

is not of equal importance ; wells are comparatively short-

lived, and when clogging does occur it can be remedied

by back-flushing or other known methods. No such

remedies are available for clogged infiltration galleries.

When properly designed so that the yield of the gallery

does not exceed the supply available from the surplus

underground waters and the supply derived by infiltration

from a nearby body of surface water, and the entrance

velocities are sufficiently low so as not to transport the

finest soil particle, the useful life of the infiltration gallery

should be practically unlimited.

The yield from an infiltration gallery constructed in

the finer sands should be automatically controlled so that

it cannot exceed a certain predetermined amount, in order

to prevent the lowering of the ground-water plane below

the top of the gallery, so as to keep the entrance velocities

within safe limits. This condition can best be secured by
restricting the flow from the gallery to an amount which
will keep the gallery constantly full of water for its entire

length.

In many cases the requirements as outlined herein

will for a given yield call for the construction of much
longer lines of infiltration galleries, constructed in finer

sands than has been the practice in the past, so that in

many instances other methods of supply will be found to

be more economical. Throughout the country, however,
deposits of gravel and sand exist in the valleys of rivers

and along lakes and seacoasts, in which infiltration

galleries can be economically constructed to yield adequate
supplies either from the surplus underground waters o-

from the water derived by infiltration from adjacent natural

and artificial bodies of water, or from both sources. The

(Continued on page 272. j
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BRITISH COLUMBIA HARBORS.

An illustrated article in The Canadian Engineer for

January 13, 1915, described the new Grand Trunk Pacific

Railway dry dock and terminal at Prince Rupert, B.C.

A few notes relating to the harbors and facilities aloni;

the Pacific Coast of Canada may not be amiss.

Prince Rupert, with a population of 6,000, is 5S3

miles north of Vancouver on the British Columbia coast

line. It has a broad, open harbor 16 miles in length with

an average width of i y'z miles and an average depth of

j6 fathoms. Besides the Grand Trunk Pacific Railway

wharf there is a Provincial Government wharf 600 ft. long

and also an open dock 375 ft. long and a dry dock 120 ft.

in length, all of which are equipped with storage ware-

houses.

The Imperial Oil Company is constructing a 5-tank

wharf and oil dock with pumping station and complete

facilities.

The industries of Prince Rupert comprise seven cold

storage concerns, a large fishing industry, two small boat-

building concerns and a number of saw and shingle mills.

The New Westminster harbor is situated about 12

miles from salt water on the Eraser River. The city has

a population of 20,000, and is a market centre of a rich

agricultural district with a population of over 70,000.

Salmon fishing is its big industry, there being over thirty

canneries in the neighborhood. The city is also the centre

of the lumber industry of the southern part of the province,

the Fraser mills being claimed to be the largest in the

world.

Vancouver, with a population of 125,000, has a

harbor extending from Point Atkinson on the west to Port

Mood}' on the east, a distance of 24 miles. It varies in

depth from 28 ft. at the wharves to 200 ft. in midstream.
There are many wharves, the chief owners of which are

Canadian Pacific Railway, Great Northern Railway, Grand
Trunk Pacific, British Columbia Sugar Refinery Co.,

Evans, Coleman and Evans Wharf Co., Johnson Wharf
Co., New Vancouver Ferries, etc. The Dominion Govern-
ment has just completed a wharf at the foot of Salisbury

Drive on the south side of Burrard Inlet. This wharf has

cost $1,500,000 exclusive of buildings, cranes, etc. It

has a total length of 800 ft. and is 300 ft. wide with slips

at either side, of 132 ft. These slips have a minimum
depth of 35 ft. at low water. A similar wharf is proposed

by the government for the north shore of the inlet. The
Canadian Pacific Railwav and the Grand Trunk Pacific

have oil docks in use.

The new outer harbor at Victoria, at present under
construction by the Department of Public Works, will

provide approximately 10,000 ft. of berthing and will be
fully equipped with most modern machinery, warehouses,

etc., the cost approximating $2,300,000, exclusive of

equipment. It will be one of the best harbors on the

Pacific Coast. Two immense concrete piers with ware-

houses and excellent cargo-handling facilities are being

built out into the Straits of Juan de Fuca and a railway

slip will enable car ferries to load and unload at the dock.

A stone breakwater with concrete blocks surmounted by a

concrete wall 2,500 ft. in length will extend westward
from Ogden Point. The piers will be 1,000 ft. long. The
harbor comprises an area of nearly 300 acres of water,

varying in depth from 30 to 80 ft. The breakwater men-
tioned above will effectually shelter all the piers to be

constructed under present arrangements, all piers pro-

posed for construction northward and will, in addition,

protect the entrance to the inner harbor. There will be

direct rail connection with the harbor from the railway

terminals to be built on the Songhees reserve.

In addition to the Dominion Government docks, the

Grand Trunk Pacific, the Canadian Pacific Railway and
Messrs. R. P. Rithet & Co., have extensive wharves. Of
the latter, one pier is 688 ft. x 100 ft., and has a shed

with a floor space of 32,000 ft. It is provided with three

slips on the west side and two on the east with water 33
ft. deep at low tide. Another is 1,050 ft. x 125 ft. with a

shed 818 ft. long and a floor space of 39,500 ft. The depth

is 35 ft. at low water.

FEDERAL GOVERNMENT
IN I91(i=17,

EXPENDITURES

The main estimates for the fiscal year 1916-17, tabled

in the House of Commons at Ottawa by Sir Thos. White,

on February 3rd, indicate that it is the intention of the

Government to continue the construction of public works
already under way. Further, there has been provision

made for a certain amount of new work. Some of the

important items for new work or for work now imder

contract include the following :

Port Arthur and Fort William harbor improve-

ments $ 1 ,000,000

Quebec dry dock i ,500,000

St. John harbor improvements 1,000,000

Intercolonial Railway bridges 483,000

Halifax terminals 3,000,000

Quebec bridge 3 1450,000

Hudson Bay Railway 3,000,000

National Transcontinental Railway 1,500,000

Welland Canal 4,500,000

Trent Canal i ,000,000

Toronto Harbor improvements 600,000

Toronto Customs Building 500,000

Postal Station ".A.," Toronto 455,000

Ottawa Customs Building 530,000

MUNICIPAL IMPROVEMENTS AT
VANCOUVER.

NORTH

In his report for 191 5, Mr. .A. R. Clucas, city en-

gineer of North Vancouver, summarizes the following

expenditures in his department: Road construction,

$18,214.94; board of works general expenditure, $10,-

663.85; local improvements, $2,337.03; waterworks con-

struction, $980.75; waterworks general, $5,319.34; reser-

voir at Rice Lake, work in progress, $10,551.44; lanes,

$606.57; parks, cemeteries and boulevards, $6,392.12;

making a total of $55,066.04.

INTERNATIONAL ENGINEERING CONGRESS, 1915.

The committee of management, International Engineering-

Congress, 1915, announces that the volume on Mechanical

Engineering- is ready for distribution and the members who
have subscribed to this volume will soon receive it.

The other volumes will be issued as rapidly as possible.

Owing to the large amount of material to be reprinted, and
the thousands of copies to be bound, the work cannot be

carried on with greater speed. However, it is hoped that

within two months the entire set will be completed.

Members who did not send in their final selections may
be disappointed in not securing all the volumes they might
have had in mind, and at this date the Committee has decided

to close the lists for certain volumes which have been sent

to the press. It m.ay be possible to supply members who
would apply at this late hour with copies of volumes which

have not gone to press.
'

'
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ROAD CONSTRUCTION AND IMPROVEMENT
ABSTRACTS FKCX\[ TH1-: PAFKRS RKAIJ AT TIIK RI'CENT CONKERENCK ON ROAD CONSTRUC-
TION HELD IN TORONTO BV THE ONTARIO DEPARTMENT OF PUI5I K 1 1 K ;i IVVAYS.

PAINTING AND MAINTAINING STKKL HIGHWAY
KRIDGIiS.

By George Hogarth, O.L.S., A.M.Can.SocC.E.
Chief Engineer of Highways for Ontario.

THE steel bridges 011 our highways were built of

members which iiad probably been unprotected and
exposed to the weather for a more or less extended
period. The condition of the siu'face of the steel

before it is painted has a very important relation to the
k^ngth of life of the coal of paint applied to it, and also

to tlie len,E;th of life of the completed structure. Possibly
many of the pieces of steel had been recently rolled and
were new and clean and bright. Some sections may have
had a sligiit coating of rust, while others mav have been
pitied, rusted and scaled due to the length of exposure.
New steel, when built into a bridge, will usually provide
a structure which will last longer than one built of sections

already rusted and decayed. Further, the new steel pre-

sents a surface which readily takes the paint, and that

surface has none of the rust which, when painted over,

causes the early failure of such covering. To properly

prepare the steel surface for painting, all rust must be
removed by means of steel scrapers, chisels and wire

brushes, so that the clean surface of the steel is exposed.

In carrying out that operation considerable care and
muscular exertion on the part of the workmen is neces-

sarj' and unless a good inspector is present the work may
be slighted and an inferior result obtained, or complete

failure of the shop coat of paint may occur.

Great emphasis is to be given to the fact that all rust,

dirt and grease must be thoroughly removed from the steel

just before the shop coat of paint is applied since upon this

foundation coat the life of the second and finishing coats

depends. If the shop coat is carelessly applied over rust

and scale it will disappear entirelv when that scale falls

away and the surface of the metal will then be exposed
to further rusting.

Painting steel bridges adds to the cost of such

structures, and the reasons for going to this additional

expense should be investigated. The practice of painting

new steel bridges is defended and justified by the fact that

it is a universal custom and all bridge specifications re-

C|uire that paint of one kind or another be applied to the

structures after they are fabricated. Painting also im-

proves the appearance of the bridge and lengthens the

life of the structure by preventing rusting and corrosion

of the steel.

To develop and encourage a provincial custom of

keeping steel highway bridges well and properly painted

is a duty which those in authority should at once assume
and efforts towards establishing a definite course of action

in that respect require immediate consideration. Such
frequent painting has not been carried out in the past

because of the mistaken belief that a steel bridge once

built will last forever. This neglect has in recent years

resulted in many bridges being found to be so badly rusted

that steps must be taken to replace them.

On large bridges, which are carefully and systemali-

cally looked after, painters are employed during the favor-

able seasons of each vear and Ihev arc kept steadilv at

work scraping and painting the various parts of the
structures. The railways of this country have millions
of dollars invested in steel bridges and they insist that ex-
jierienccd men paint all steel structures as often as neces-
sary. In every case the reasons given for all the care and
expense are that the life of the bridge is prolonged and
the structure is kept in its original good condition as long
as it is carefully looked after. A liridge which is painted
every four years after being built will require only five

complete paintings to last 24 or 25 years, and at the end
of that time it will be in good condition. Yet, the experi-

ence is that ijridgcs built 20 and 22 years ago are to-day

in a very doubtful condition, due to the rusting away of

a considerable quantity of steel. The cost of a few paint-

ings is only a fraction of the cost of any steel structure,

and when at small cost the life of such structure can be
prolonged indefinitely it is economy to use paint.

All experience points to the fact that steel bridges
should be painted periodically. The business corpora-
tions have found it best to properly paint and maintain
their steel structures and it is advisable that municipal

organizations carefully consider the financing of similar

w'ork with a view to prolonging the life and improving the

appearance of structures under their control.

The new bridge is painted when it is built and that

covering will last probably from one to four years, depend-
ing on the condition of the surface of the steel, the quality

of the paint and the c^re used in applying it. At the end
of that time patches of paint of varying sizes have disap-

peared and the exposed steelwork is rusting away as

rapidly as possible. A neglected bridge on a w-ell-kept

public highway is an eyesore and demands the labor of

the painter in order that its appearance may be in keeping

with that of the roadway.

Careful attention to the painting of steel bridges

should be given from the day the structure is first com-
pleted. Semi-annual inspections in the early spring and

fall should be made of all structures, and wherever small

failures of the film of paint are discovered the painter

should at once be ordered out to carefully scrape and

repaint the exposed parts. Every four or five years the

structure will require complete repainting. Immediately

before the paint is applied, the steelwork must be care-

fully and systematically cleaned of all dirt, loose paint and
rust. A complete supply of steel brushes, scrapers and

chisels should be provided for the men and frequent visits

to the work should be made to see that these tools are

used. The structure should be painted in sections as fast

as the cleaning progresses, and three coats of paint ap-

plied. In all cases ample time should be allowed between

coats to enable the proper drying' of the film. Weather
conditions during painting have considerable influence on

the life of paint, and it is advisable that the complete re-

painting of bridges be undertaken only during the warm,
dry months of the year. Care should be taken to see that

the steel is dry before commencing work in the morning
and probably the best plan would be to have the men at-

tend to other work till, say, 8.30 a.m. .\ctual experi-

ments have proved that painting on wet or damp smfaces

shortens the life of the paint.

For the information of the oHiclal in <hargc of the

\\()rk, the (late of painting Nhould be stencilled on some
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convenient part of thq structure in order to facilitate the
recording of the action of the paint during its hfe.

The selection of a paint for steel bridges is a problem
that possibly all have been called upon to solve at one time
or anbther. To be satisfactory, a paint must fulfil many
exacting requirements which may be enumerated as

follows : It must be low in price ; it must be readily ob-

tained in convenient quantities and in satisfactory con-
tainers ; it must completely hide the surface of the steel

in two coats ; should cement itself together and stick to

damp or dry metallic surfaces ; should expand and con-

tract without cracking the film ; should present a hard,

tough outer surface; should be impervious to water or

gases; should be unaffected by sunshine, heat, frost, dew
or climatic changes ; should be unaffected by ordinary

mechanical abrasion ; should wear evenly ; should fail by
gradual wear and not by disintegration ; should leave a

good surface for repainting ; should not require an un-

reasonable amount of skill or muscle in application ; should

be homogeneous ; should dry properly ; should not be
readily ignited ; should have power to absorb and remove
moisture or dampness from the metal ; should have pro-

perties that will prevent corrosive action of traces of water
in contact with the metal and should not stimulate cor-

rosion of the steel. In connection with the last require-

ment it would be well to state that paints made from cer-

tain materials have been found to slowly produce rusting

of the steel in small patches.

^^ hile these requirements are numerous and ap-

parently difficult to fulfil, it is possible to-day to purchase

in any locality the necessary ingredients which, when com-
bined, will produce a perfectly reliable paint for steel

structures. There are also on the market to-day a number
of ready-mixed paints which the manufacturers recommend
as a protection for structural steel. For many years a red

lead and linseed oil paint has been extensively used for

priming and field coats for a large number of bridges. At

times there has been a tendency to abandon such cover-

ings of proven merit in favor of more modern proprietary

paints, but usually, after unfavorable experience with the

newer ideas, a return is made to the red lead. Where
objection is made to the bright color of red lead in the

finishing coat it is suggested that the third coat be

darkened by the addition of lampblack. If pure lamp-

black is used in the final coat, the life of the paint will not

be shortened.

[Mr. Hogarth exhibited four specimens of steel angle

sections painted with red lead, eacR specimen illustrating

a different degree of surface deterioration and the varia-

tion that may occur in the quality of material built into

a structure, emphasizing the necessity for careful in-

spection.]

Maintaining Steel Highway Bridges.

—

.\ steel high-

way bridge requires the proper careful attention due to

that class of structure. Changes are constantly oc<-urriiig

in various parts of its members and thorough semi-annual

inspections are imperative if the structure is to continue

in a safe condition for public travel.

The inspection in the spring should be undertaken

with a view to ascertaining the general condition of the

structure and also to lay out and decide on the manner of

carrying out whatever work is to be done at the bridge

during the following summer. The fall inspection should

be made with a view to estimating the cost of whatever

repairs may be required during the following summer.

Many instances could be cited where an inspection of

a bridge has revealed a serious condition of affairs due to

broken sections which, if unattended to, might result in

serious damage or complete collapse of the structure.

Until recently, many of the structures built were pin-

connected and were provided with tension members com-
posed of square rods with a welded eye at each end. In-

different workmanship in forming the weld creates a weak
spot which, after a few years of service, becomes apparent
when the weld breaks open. If there are two bars in the
member there is still sufficient strength available to carry
the structure pending immediate repairs, but in no case
should unnecessary chances be taken and if the inspector
is in any doubt as to the ability of the structure to stand
up, the best course to pursue is to close the bridge till

repairs are completed. The manner in which steel some-
times breaks is very difficult to account for, and frequent
inspection is the only way in which the safety of the bridge
can be certified to. Steel is the same as any other com-
mercial product and carelessness in manufacture is re-

flected in the action of the finished article.

The semi-annual inspections should include everv

portion of the bridge—the handrail, the approaches and
the river channel. Attention to the condition of the ap-

proach handrails to discover loose or decayed sections is

advisable. Notice boards calling the attention of fast

travellers to certain laws may be in place, but are in all

probability illegiBle, due to disappearance of the paint.

In many cases these boards hre still necessary. They
should be painted with easily read type and placed con-

spicuously so as to impress the public and obtain com-
pliance with the stated request. The fact that a notice

board cannot be read, usually results in a lack of ob-

servance of a very necessary restriction on the speed of

horses crossing a bridge.

The trusses should be inspected to see if they are still

in line and the choids carefully examined to discover any
twists or deflection and ascertain if the camber is true and
uniform or irregular. .All tension members should have
quality of stress in each, tested by springing thein with a

sharp blow of the hand and particular attention to the

joints of such members should be given. The posts and

lateral struts should be straight and free from twists. -All

lateral bracing is to be examined to see that it is straight

and tight, and taking such stresses as it should. In some
bridges lateral members are adjustable and where such is

the case, all nuts had best be tightened to a good full

bearing. After the nut is tightened it should be secured

by burring the thread of the bolt in two or three places

with a centre punch or chisel.

Some of the pin-connected spans are detailed with the

floor beams hung from the pins by a "U" bolt. .\ careful

examination should be made to see that all nuts are tight

and sound, and threads burred to prevent slackening.

.Also that no cracks have developed or corrosion taken

place in any part of the connection. These connections

should, be all carefully cleaned since they are usually

located in such a manner that considerable debris Irom the

roadway is caught and held against the steel so that water

is retained and assists rusting. In pin-connected bridges,

any pins which indicate movement should be noted, and

nuts should be examined for tightness. .Any members
having closed sections which catch and retain water should

have, proper drain holes drilled. Look for loose rods,

hangers and braces and other defects of a like character

which require adjusting in order that 'each of the different

parts may have proper bearings and carry its proportion

of the load. Observe the structure during the passage of

a heavy load and note any undue vibration or deflection

which, if followed up, may lead to the discovery of a de-

fective part. Carefully examine the connections between

stringers and floor beams and floor beam and truss. See

that rivets are tight and connection angles sound. The
expansion and fixed end shoes and anchor bolts also call
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for careful attention to discover any movenu'nl of piers

or abutments. Rollers of expansion bearings require

careful cleaning to preserve them and allow proper opera-

tion. It is advisable to sweep and clean the bridge seats

as often as necessary, since a considerable amount of mud
usually is washed down from the roadway and, gathering

around the steel, tends to induce rapid rusting.

The practical test of observing the bridge during the

passage of a heavy load may result in the discovery that

the various parts appear to be loose and that the entire

structure appears to be working or moving. If there are

a number of adjustable members in the trusses and lower

laterals, it is probable that the tightening of such, while

no load is on the structure, will cure any apparent loose-

ness, while, if the bridge is fully riveted, it is desirable

that close attention be given the various joints to see that

rivets are still tight. If a number of loose rivets are

found, it is best to cut them out and redrive so as to pro-

duce a tight joint.

Careful attention should be given to the drainage of

the floor. If the bridge has a concrete floor, the drains

should extend througli and beyond the concrete for a dis-

tance of one or two inches and should be so placed that

the drip does not strike any part of the steelwork. Drains
less than three inches in diameter should not be used and
they should be cleaned out at frequent intervals. Where,
drains have been omitted from a floor, it is desirable that

holes be drilled along the curb at the low points and that

suitable drains be concreted into place. The proper drain-

age of the floor prevents the water running off each end
of the bridge where it either damages the approach road-

way or carries dirt down the ballast wall to litter up the

bridge seats. The bridge seats should also be examined,
preferably after a rainstorm, to see if they are sloped so

as to drain the water and not allow it to gather where it

might assist corrosion.

Should any member of the structure be accidentally

crippled while in service, the best method of repair requires

careful consideration, but as a general principle, it is ad-
visable to entirely remove the damaged part and renew it.

Sections which have been subjected to heavy punishment
are not reliable and a new member completes the repair in

the most satisfactory manner. A slight fire on part of

the structure may reach and affect some of the members
and yet not cause the collapse of the bridge. The effect

of such heat treatment on the strength of the steel is so
uncertain that it is very desirable to remove the members
which have been heated. Wooden floors of various de-
scriptions are in some cases bad fire hazards and may
imperil the entire structure. The danger to structures
from fire due to nearby material or buildings is evidentlv
not as great outside the cities, yet it is desirable that such
points be kept in mind during inspections. Wood Iving

around on the ground under the structure, or driftwood
in the river, may be the cause of trouble, if allowed to

accumulate. A few dollars paid out in clearing away and
carefully burning such material is usually well spent. The
river above and below the site of the bridge should be in-

spected to see that tlie channel is not changing or the
banks being carried nway in such a manner as to sooner
or later interfere with the security of the approach road-
way or the abutments. Such an occurrence demands
prompt attention and the supply of an ample quantity of

rip-rap or the excavating of a new river bed to afford a

proper escape for the water.

During repairs to the structures or flooring where
traffic has to be maintained on busy roads, adequate pre-

cautions to prevent accidents to pedestrians and vehicles

should be carefully taken. Proper fencing is imperative

and the customary lights provided at night.

In many cases the carrying capacity of a bridge of

slender appearance is seriously questioned merely because

of its looks. A light steel bridge which was well built,

and is properly maintained, is practically speaking, safe

to-day to carry any load that can be moved along the

highway. The weak part of the entire structure is usually

the floor, and if that is sound, a little care is all that is

required to pass the load across the bridge. It is thus

possible in many instances to so maintain a bridge as to

lengthen its working life and postpone the day when the

expense of renewal must be considered.

In conclusion, the painting and maintaining of steel

highway bridges resolves itself into a large number of

small but nevertheless important details which, with

proper attention, will result in the appearance of the

structures being always pleasing to the eye and the con-

stant care which is given them, will lengthen the life of

the steel and prove an economy to the owners of the

structure. Our highways are to receive more careful at-

tention in the future than they have in the past and to be

in accordance with that evidence of care which the roads

reflect, it is imperative that the steel bridges be efficiently

looked after and their inaintenance kept up to the same

degree of excellence.

ROAD CONSTRUCTION AS GOVERNED BY
TRAFFIC REQUIREMENTS.

By Robt. C. Muir, A.M.Can.Soc.C.E., A.M. Inst. C.E.

Assistant Engineer, Department of Highways, Ontario.

TR.4FFIC affects the location, grades, width and

foundation of a road. It affects the decision as to

the nature of surfacing to be selected. It also

affects the character and the cost of maintenance.

As a matter of public necessity, the roads must be made
fit to bear the traffic which passes over them, and which

is steadily changing in character and increasing in volume.

The practice of construction and maintenance of

roads to-day is of a much more scientific nature than

previously. The effects of the modern mechanically pro-

pelled traffic, especially in and around cities, requires very

careful consideration, and it is left to road engineers to

devise ways and means best to deal with it. Despite the

change that has taken place in the methods of transport

on our roads, the percentage of self-propelled vehicles to

the total volume of traffic is still comparatively small, and

the difficulty has still to be faced of constructing roads

which will serve effectively every kind of traffic.

Construction.—Traffic affects foundations. Many
road materials have been unjustly condemned when- the

real difficulty lay in the foundation and not in the surface

material. Surfacing is secondary to foundations. It is

the foundation that carries the loads coming on the road

surface, where, by peculiarities of the road crust, the

strains are more or less distributed at the time they reach

the subgrade, and the supporting power of the foundation

must be sufficient under the most unfavorable conditions

likely to occur to safely resist these strains. Therefore,

to determine many of the questions on foundations, it is

necessary to know the kind and amount of the strains to

be borne by it.

If the traffic is to be local farm and light traffic, the

dependence for foundation may be placed wholly on the

earth subgrade. To this end, there must be thorough

drainage of the soil underlying the road. The surface for

such traffic, having regard for foothold for horses, may
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be built with gravel or stone and should be so compacted
and bonded that it forms a waterproof covering. If the
traffic is to consist of heavily loaded wagons with narrow
tires, with a large proportion of heavy and fast motor
vehicles, a stronger foundation is necessary. Into this

field enters the Telford foundation and the concrete

foundation. The more frequent and faster traffic calls for

a resilient surface, such as surface treatment of tar or

asphalt, commonly called a carpet coat, the heavier type

of bituminous surfacing, either penetration or mixing
methods, being used on roads carrj-ing heavy motor traffic.

Grades.—The grades on a highway are affected by
the character of traffic. If it be mainly pleasure, the eco-

nomic disadvantages of heavy grades are not as perceptible

as in the case of heavy commercial traffic conditions.

Also, with some kinds of traffic, a heavy grade, if estab-

lished, will result in an irresistible demand for an expen-

sive surfacing in order that the traffic conditions may be

properly met.

The damaging effect of horse traffic in particular, is

considerably increased by heavy grades, the digging and
pounding action of the horses' feet in drawing loads up
the hill being very destructive of the road surface. On
macadamized roads it loosens the surface and digs out the

stones, while in wet weather the surface, being soft, is

pounded to a pulp and the stones rounded in such a way
that the breaking up in dry weather is greatly facilitated.

Tires.— It is plain that different tires—rubber, rubber

studded with steel, steel and steel with transverse bars,

as on traction engines—have widely varying effects on

the surface of the road. It has often been suggested that

the width of tires should be proportionate to the maximum
load upon and the diameter of the wheels. There appears

to be considerable difference of opinion as to the relative

amount of damage caused by steel and rubber-tired

wheels. It cannot be disputed that rubber-tired motor
trucks are most destructive to macadam roads. It is sug-

gested that the cause of this is to be found chiefly in the

high speeds and small diameter wheels employed, together

with the great weights transported and the limited use of

springs. It is agreed that cross-bars should not be allowed

on steel tires, but that, if the grip with smooth tires is

insufficient, the surface of the tires should be grooved.

Width of Road.—The width of the roadway to be

provided is determined by the traffic conditions. The de-

termination of width for all classes of roads is of the

utmost importance, and should be given careful considera-

tion. Narrow roadways encourage the concentration of

traffic and the development of ruts, especially where the

shoulders are properly provided with sufficient slope

(usually lyi inches to the foot).

.\ committee in connection with the .American Road
Builders' Association recently made a recommendation
that roads carrying a large proportion of fast motor
traffic should have the unit width of traffic lines nine feet

or ten feet, instead of seven feet or eight feet, as at

present, because of the greater clearance required for

safe passing of the units of such traffic.

On manv of our roads vehicles are constantly forced

to turn out on to the shoulders, thus causing them to wear
down rapidly, and making necessary a large yearly ex-

penditure for maintaining the shoulders.

In Britain, all main highways have been increased to

a minimum width of 21 feet; also in many of the States

the width of roads has been increased to 18 feet in tan-

gent and 21 feet in curves, with 3-foot shoulders.

That the radii of curves are affected bv traffic is evi-

<lent when the conditions of the various classes of traffic

are taken into consideration. Slow-moving horse-drawn

vehicles can readily pass around much sharper curves than
can fast motor vehicles. Also, in the case of the former,
not as much warning of the approach of other vehicles is

needed as in the latter case. Hence the necessity for un-
obstructed vision for a reasonable distance at curves is

not as great.

In 1913 the International Association of Roads Con-
gresses made a recommendation that the radii of curves
in roads used by fast traffic should, wherever practicable,

provide the best possible and an unobstructed view, and
that where this is not possible, the curve being of too

short a radius, means should be provided whereby the ap-

proach thereto is in some way clearly indicated.

Maintenance.— In many cases a certain minimum of

traffic is required in order that the maintenance may be

most satisfactory and economical. This may seem a

strange statement, but nevertheless it is true, that traffic

up to a certain amount is desirable on some surfaces to

keep them in good condition. For instance, unless a

waterbound trap rock macadam gets a sufficient amount
of hard-tired traffic to produce by abrasion sufficient fine

material to offset that lost through the effects of wind and

rain, the condition of the road surface will not be satis-

factory, and its maintenance will be expensive. The
Massachusetts Highway Commission has paid about $50

per mile annually for the spreading of sand on the lightly

travelled trap rock waterbound macadam roads in order

to prevent the macadam ravelling after the blowing away

of the fine material from its surface. Again, the sweeping

effect of soft-tired motor traffic requires the abrasive effect

of hard-tired traffic to counteract it. The dislodging effect

of horses' feet needs the rolling effect of wheels to prevent

the ravelling otherwise inevitable.

Destructive Factors.—There are three factors of

traffic which may destroy the road, when it is assumed

that the surface is ideal, and that the drainage and foun-

dation are good in every respect: (i) The shocks of the

horses' feet or of hard tires of vehicles ; (2) the crushing

effect of loads, a maximum per unit of width of tire; (3)

the shearing action of motor car traffic.

High speed and small wheels, combined with heavy

loading, is a destructive factor. Even exceptionally heavy

loads on wheels of large diameter and reasonable width,

travelling at a slow rate, cause very little damage to

macadam roads in fair condition, except immediately after

a frost, whereas fast traffic on small wheels and with

much lighter loads soon causes considerable damage. It

must, moreover, be borne in mind that the better and

more regular the surface of the roads the smaller the

damage, even with this type of- traffic, and the damage

increases at an alarming rate as the surface becomes worn

and uneven.

Weather.—Where the atmosphere is generally humid,

and there is a considerable proportion of wet days, the

damaging effect will be greater on roads generally, and

particularly on waterbound roads, than in the case of a

drier atmosphere and with fewer wet days. It is not so

much a question of comparing rainfall as the number of

wet davs and the general humidity.

Selection of Surface Material.—The road engineer

must not only choose the type of surface over which it

will be easiest to haul a load, which will prove durable

under the traffic that it will carry, and which will be

suitable to local conditions, but he must choose the sur-

face that will produce these results with the minimum

cost. It is not always possible to decide with facility what

surface will prove the most satisfactory for the lowest

total expenditure per ton carried over it. Nevertheless,

this is the question to be solved in every new construction.
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riic chii-r points wliich should (liU-iiniiu- llu' si'lcctioii

of a type of surface are: (i) Ihe \oliime and nature of
the proliable Irallic over the road

; (2) Conditions incident
to ihc location of the road, incluchng the cliaracler of the
adjacent land and iinprox ements, the character of the
foundation, the existing grades, the climatic conditions,
and I ho cost and availability of materials.

The volume and nature of probable future trallic is

the most essential point. This must necessarily be ap-
proximated, and due allowance should be made for in-

crease during the life of the road. The nature of the
luture trallic is difficult to foresee, owing to rapid changes
in the weight and speed of motor-driven vehicles.

It has often been asked, "What type of road is best
for country roads, especially those that are subjected to a
mixed motor and horse-drawn traffic?" The answer to

the question embraces several factors. These may ' be
summarized under three general heads—utility, durability

and cost.

One answer to this question is, to construct a surface

adapted to each class of traffic ; in other words, making
a double roadway. This is done to the great advantage
of the users of the road where the travel is sufficiently

dense to require it, as adjacent to many of our cities.

Many miles of roads in New Jersey have been con-
structed as a double roadway in the following manner:
The centre of the road is paved with bituminous concrete
2 inches thick for a width of 12 feet on a macadam founda-
tion, and on each side of this a waterbound macadam road
is constructed 6 inches thick and 4 feet wide, making a
total width of 20 feet. The horses can travel on macadam
surface when the bituminous surface is slippery, allowing
one wheel of the wagon to run on bituminous surface,
and leaving sullicient room for motor cars to run on centre
of road. By following this method three ends are attained :

First, the horses are able to travel over the road without
slipping; second, a more satisfactory and wider road is

obtained for less money; and third, there is less obstruc-
tion to traffic.

.A bituminou^s concrete road 16 feet wide would cost
more than a double road 20 feet wide. Another advantage
of the latter is that the traffic would be distributed over
the entire road. A road laid according to the above
method would be free from the unsightly drop at edges
often seen on sides of bituminous roads. This sharp drop
at edges of road is very injurious, owing to the breaking
off of the edges by the wheels when vehicles are driven
off and on. This is most destructive to the life of the
road; water is allowed into the body of the road, and as
a consequence disintegration begins. The durability of
the road is thus greatly lessened, as the breaking of the
bond permits a movement of the stone particles. This in-

creases the wear, thereby augmenting the cost of main-
tenance, with the result that the annual expenditure is

increased.

It is, therefore, seen that this double roadway is the
cheapest, whether measured on the basis of first or main-
tenance cost.

Traffic Census.—Traffic enumeration is now becom-
ing an important element in the design of road crusts, or,

at any rate, in the studies which have an influence in the
choice of methods and materials. .\ traffic census should
be considered one of the most important points in the de-
cision of that important problem, the selection of that type
of construction best suited to local conditions considered
from the standpoints of both economy and efficiency.

At one time it was considered sufficient in taking a
traffic census to count the vehicles passing a point in a
given time, but it has now been recognized that such a
method of enumeration is useless for comparing a mixed

mass ol Irallic on one road with a mixed and ])ossil)ly very
dissimilar traffic on another road.

The standard system in Britain is to reduce traffic to
tons per yard width of road per day. While this is a
great advance on the previous method, it does not take
sullicient note of the character of the traffic, each class of

vehicle being given an assumed weight.
It is readily seen that tonnage alone is not the proper

unit to which a reduction of the traffic census should be
made. .'\ load ol four tons drawn by horses and proceed-
ing on hard-tired wheels at three miles an hour produces
quite a different effect on the road than the same load

proceeding at twelve miles an hour on rubber-tired wheels

on a self-propelled vehicle. A heavy touring car travelling

25 miles an hour requires quite a different consideration

from those in the case of a light motor express wagon,
averaging 12 miles an hour.

Conclusion.—Relation between the traffic and main-
tenance costs is dillicull to express in any particular case,

(i) Many factors other than traffic are involved, such as

climatic conditions, grades and drainage; (2) the present

condition of traffic records and of the records of relation

of traffic conditions to wear has not reached the point

where such conclusions can be drawn.
In view of the present impracticability of making

roads sufficiently strong to withstand any kind of traffic,

it is important that a concise record be kept of the ex-

penditure, character, and effects of traffic, weather condi-

tions and other details including the condition of the sur-

face and sub-crust in respect of all roads. By this means
it may be proved conclusively that the difference in cost

of maintenance of the roads before and after the traffic in

question comes upon them is a material amount, and that

the extent of repairs is reasonable. The method of collect-

ing evidence and of keeping accounts is a matter of ex-

treme importance, and it would be well if some standard

form were adopted.

In order to proceed with system in the matter of

choice of a road, the engineer should have the necessary

data as to traffic ; as to cost of construction and rnain-

tenance of similar type o£ road under like conditions; as

to the life of road; as to climatic conditions, and, in fact,

all available information on the subject.

The Eugene Dietzgen Co., Limited, dealers in engineer-
ing and scientific instruments and supplies, have moved their

head Canadian oflice from 1 16 Adelaide Street West, Toronto,
to 31 Richmond Street West, Toronto. They now occupy the

old Methodist Book Room quarters, which provide more floor

space.

It is announced that the .American Coal Products Com-
pany, well known in connection with the sale of sulphate of

ammonia, and parent organization of the even more widely
known Barrett Manufacturing Company, has decided to unite
both concerns under the name of "The Barrett Company."
The fact that all the roofing, waterproofing and building ma-
terials, as well as coal tar, oils, chemicals, and similar pro-
ducts are made and widely advertised in the name of the
Barrett Manufacturing Company, has added immensely to

the good-will attached to the name, which increase has not
been connected in the mind of the general public with the
securities of the .American Coal Products Company, although
this concern owns the stock of the Barrett Manufacturing
Company. The commercial dealings of the .American Coal
Products Company included the disposal of ammonia, move
especially sulphate of ammonia, which enters largely into the
composition of commercial fertilizers. These transactions will

be carried on by the same personnel in the name of "The
Barrett Company, Ammonia Sales .Agency Department." The
Agricultural Department, which has carried on propaganda
for the use of sulphate of ammonia as a fertilizer, will con-
tinue as a department of The Barrett Company. The B.irrctt

products are made and sold in Canada by The Patcrson Manu-
facturing Company, Limited, and by The Carritte-Paterson
Manufacturing Company, Limited.
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CONFERENCE ON HIGHWAY CONSTRUCTION.

Beginning with this- issue of 'I'lic ('anacliuii Engineer,
and continuing through several numbers to follow, we
present a series of abstracts from the papers and lectures

given before the Conference on Road Construction, held

at the Parliament Buildings, Toronto, during the week
of February 7th. This conference, arranged especially

for county road superintendents and engineers by W. A.
McLean, C.E., Deputy Minister of Highways for the

Province, is the second of its kind in Ontario. The first

conference, held in February, 191 5, was an exceedingly

successful one, and its measure of usefulness, combined
with the high efficiency and service of the Department,
has undoubtedly established in the opinion of the Gov-
ernment of Ontario, as well as in the minds of the road
engineers and superintendents of the province, the value

of a yearly conference.

The series of lectures and demonstrations has as

its chief object a means of giving departmental instruc-

tion to coimty engineers and superintendents who are

in charge of roads subsidized by the Provincial Govern-
ment under the Highway Improvement Act. The infor-

mation which these lectures convey, however, is suf-

ficiently general to be of interest to every road man in

Canada. It has been presented by engineers in close

touch with advanced practice, and whose knowledge of

new and tried methods of construction and maintenance,

as well as of materials and equipment, bespeaks a large

sphere of observation and study.

Last year The Canadian Engineer reviewed the

papers presented at the various sessions, publishing

in as complete form as space would permit those of more
marked interest to the majority of our readers. Through
the kindness of Mr. McLean, and of Mr. Hogarth, Chief

Engineer of Highways, this year's conference will be

reviewed in a similar manner in so far as available space

will permit.

MILITARY TRAINING AND ENGINEERING.

The Institution of Civil Engineers (London) is

making special provision for candidates for admission,

who, in the midst of their studies and practical work,
have joined the army or navy. The council, recognizing

that the unavoidable interruption, serious in any case,

would make it practically impossible for many of them
after the war to complete those studies and courses of

training in exact accordance with the existing require-

ments, have submitted to the members of the Institution

the desirabilitv of modifving the requirements in order

to meet such cases. With this purpose they have asked
to be empowered to accept military or other approved
national service as part fulfilment of the conditions of

training; and, further, in certain circumstances, to

exempt from examination candidates who have been en-

gaged in militarv or other approved national war service

for a period of at least one year.

Under the existing regulations a candidate for ad-

mission to corporate membership in the Institution is

required, in addition to passing an examination, to pro-

duce evidence that he has served for at least three years
as a pupil or apprentice of a civil engineer. In the case
of a candidate holding a recognized qualifying degree
exempting him from further examination, the period of

service is reduced to two years, and may be fulfilled by
service under agreement to a civil engineer.

Commenting upon the proposed modification of the
standard for admission, the "Times" (London) editorially

emphasizes its relation to the interests of the Institution

and the public at large, membership in the former being
so widely accepted as a guarantee of professional

efiiciency. It observes that the standard of actual
efficiency required from tliose candidates who may be
admitted under the proposed modified regulations will in

effect be raised rather than lowered.

The exigencies of the war have certainly interfered
with the trend of engineering study and practice. While
the effect may not be so pronounced in Canada as in

Great Britain, it is interesting, at all events, to learn
that the governing body of the Institution of Civil En-
gineers contemplates professional recognition for the
training that its candidates are undergoing while in ser-

vice on land and sea.

SERIOUS POLLUTION OF STREAMS IN CANADA.

In "Conservation" it is stated that sewerage and
sewage disposal is dealt with thoroughly in a report on
"Waterworks and Sewerage Systems in Canada," to be
published shortly by the Commission of Conservation.
The gravity of the problem of stream pollution in Canada
is shown by the great number of our inland waters re-
ceiving raw or untreated sewage. Particularly is this the
case in the eastern portion of the Dominion. In the West
we have the excellent example of the Province- of Sas-
katchewan where 80 per cent, of the sewerage systems
have treatment plants.

The supply of water to communities is universally
recognized as the most important function of inland
waters. If these waters are allowed to become polluted,

they constitute a grave menace to public health. This
may be the case even where filters are employed, as a

grossly polluted source of supply may overload the filter,

which latter should only be regarded as an additional safe-

guard in an operation which should begin with the proper
treatment of the sewage before it is discharged into any
body of water.

RAILWAY WORK IN NORTHERN ALBERTA.

The J. D. McArthur Co., which has under construc-
tion the Edmonton, Dunvegan and British Columbia Rail-

way, the Alberta and Great Waterways Railway, and the

Central Canada Railway from McLennan to Peace River,

recently made some interesting announcements concern-
ing the work projected for this year. They are as follows :

The last spike on the Grande Prairie branch (60 miles) of

the E.D. &-B.C. will be driven in March. The Heart
River bridge will also be completed next month, allowing

trains to enter Peace River Crossing. Plans are being

prepared for a large steel bridge across the Peace River
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at this point, the cost of which is estimated at $750,000,

inrluding highway decit. This bridge will enable the

Cjntial Canada Railway to project, as contemplated, 100

miles westward. The line has been located as far as the

Waterhole District.

About 340 miles of railway north of Edmonton is to

be ballasted this year.

By spring it is expected that the total mileage con-

structed will be as follows:

E.D. & B.C. main line to Spirit River 357

Grande Prairie branch ^
Central Canada from McLennan to Peace River ... 50

A. & G.W ^50

Total mileage 7'7

These roads all were built under the guarantee policy

of the provincial government and run through districts

that were badly in need of railway facilities.

LETTER TO THE EDITOR.

An Interesting Point in Retaining Wall Design.

Sir,—An interesting point in design came up the

other day and, thinking that some of your readers might

be interested, I give you the problem.

The discussion came up in connection with the design

for a semi-gravity retaining wall. One section of the body

of the wall with the resultant stress is shown. Three

methods of figuring the stresses are given. Which one is

correct?

Case I.—Figuring the stresses in the ordinary man-

ner, we get 68 lbs. per sq. in. compression at the toe and

24 lbs. per sq. in. tension at the heel. A 9/16 inch diameter

P =
•25825

8.25

/ , 6x3\

Case I.

6x3-^ _L
144

+ 68
_ ^-y. pds. per sq, in.

rod at i-ft. centres placed 8 in. from back of wall would
develop the entire tension.

Case II.—Assuming no tension acting, we get 109
lbs. per sq. in. compression at the toe, using the formula

2 V
p — , where V — vertical component of load and

3 a

o = distance from toe to point of intersection of line of

resultant with base.

Case III.—Figuring the section as a reinforced con-
crete beam by commonly accepted formulae, we require a

^ inch diameter rod at 12^-in. centres and get a com-
pression at the toe of 163.5 pounds per square inch.

Should the steel be left out, as in Case II., or put in,

as in Cases I. or III., in no case do we get compressive
stresses that come anywhere near the working value of

concrete. Both Case I. and Case III. are figured by com-

P =

Case II.

2 25825 1

monly adopted theories. In Case III. twice as much steel

is required as in Case I., and the stress in the concrete

is over twice as much.

A common method very much used is to widen the

base so that the resultant will pass through the middle

third, but is there any need for this when the concrete is

'I0'9

Case III.

12 = 930,0(10 in.-pds.M = 258-25 X 3 >

Effective depth = 95 in.

Steel % = .055 = .627 pds. per ft

if
= 163.5 pds. per sq. in. i= U.t.

i kj b d

16,000 pds. per sq. in.

SO lightly Stressed? The writer believes that as long as

the resultant does not go too near the face of the wall that

the stress found by Case II. is the governing factor. The

opinion of other engineers would be of interest.

Toronto, January 31st, 1916.

E. M. PROCTOR.

The Winnipeg office of The Canadian Engineer has

been moved from Room 1008 to Room 1208, McArthur

Building. The new telephone number Is Main 2663.

Mr. C. W. Coodall remains In charge of the office.
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Edmonton, Alta.—The C.N.R. is getting out 725,000
ties and 2,000,000 feet of piling for use on 100 miles of

the Oliver Branch and 40 miles of the Peace River line

beyond Sangudo. F. Owens, of Edmonton, has the

contract.

Toronto, Ont.—Mr. H. H. Couzens, general manager
of. the Toronto Hydro-Electric System, reported that an
expenditure of 81,375,000 was necessary to provide
adequate extensions and equipment for the System. An
issue of debentures for this amount is under consideration.

Toronto, Ont.—Good progress is being made by the
Hamilton Bridge Co., sub-contractors for steel under
Quinlan and Robertson on the Don Section of the Bloor
Street Viaduct. The same applies to the Rosedale Section,

which the Dominion Bridge Co. has under contract. On
both sections the contractors are considerably ahead of

schedule.

Gait, Ont.—The electrification of the Galt-Elmira
Iiranch of the G.T.R. was discussed at a city council meet-
ing recently. It was pointed out that the line should be
continued to Hamilton and Niagara Falls, and it was also

proposed to construct a branch radial to Guelph. The
electrification of the Galt-Elmira branch was strongly

favored.

Kingston, Ont.—The Board of Trade is agitating for

•I better harbor, and has approached the government in

the matter. It is desired to improve the present harbor
to enable it to receive vessels of increased tonnage for the

traffic that results from the completion of the new Welland
Ship Canal. It is proposed to dredge the harbor to 25
feet in depth.

Ottawa, Ont.—According to Hon. Frank Cochrane,
Minister of Railways and Canals, up to January ist, 1916,

$5,018,711 had been spent in dredging, lighting and other

improvements at Port Nelson. It would take another

$5,000,000 to complete these harbor improvements. On
the Hudson Bay Railway, $9,957,340 had been spent to

date and $5,500,000 would be required to finish the work.

Ottawa, Ont.—The new pumping plant at Lemieux
Island, together with alterations and improvements to

intake pipes, have enabled the maximum pumping
capacity of the city to be raised from 22,500,000 gallons

to 27,000,000 gallons per day, the latter figure having

been reached at one period during the recent Parliament

Buildings fire. The average pumping rate at present is

about 19,000,000 gallons per day.

Toronto, Ont.—Special legislation may be necessary

for an arrangement between the city and the township of

York whereby the latter may obtain a water supply from
the former. The matter is under consideration at the

present time. Although the city is now using about

50,000,000 gallons per day, and is pumping only enough
for its own requirements, it is stated that by June next the

pumping capacity will have been increased to 1 10,000,000

gallons per day.

Lethbridge, Alta.—The Dominion Government con-

templates an irrigation project north of this city that will

comprise about 100,000 acres. The engineering staff of

the Department has been working on detailed surveys for

some time. There are several other projects under way,
such as the Taber extension (nearing completion) com-
prising 17,000 acres, and also a 350,000-acre block east

of Lethbridge, upon which the Irrigation Branch of the

Department are at present conducting surveys.

TORONTO BRANCH, CANADIAN SOCIETY OF
CIVIL ENGINEERS.

The February meeting of the Toronto Branch of the
Canadian Society of Civil Engineers was held at the
Engineers' Club, Toronto, on the loth inst., Mr. G. A.
McCarthy, chairman of the Branch, presiding.

During the business session preceding the presenta-
tion of the technical subject under discussion for the even-
ing, the secretary, Mr. L. M. Arkley, read a letter from
Prof. C. H. McLeod, secretary of the Society, announcing
that at the recent annual meeting a resolution had been
adopted providing for the election of a committee to devise
ways and means of increasing the prestige and activities

of the Society, and calling upon the Toronto Branch to

make six or more nominations from which three would be
elected as representatives of the Toronto district. The
members nominated at the meeting were Messrs. G. A.

McCarthy, J. R. W. Ambrose, J. G. G. Kerry, A. F.

Macallum, S. B. Clement, H. E. T. Haultain, E. W.
Oliver and A. H. Harkness. The executive was given
power to make an alternative nomination in the case of

any of the above desiring not to act.

When this and other business was concluded, Mr. G.
R. G. Conway, consulting engineer, Toronto, gave an in-

formal lecture on "Recent Dam Construction in British

Columbia," with particular reference to work with which
he has been associated as chief engineer and consulting

engineer.

The lecture, which was illustrated with a fine series

of lantern views, described the construction of the Bear
Creek dam on Vancouver Island, which forms one of a

number of dams built for the storage of water at Jordan
River, 40 miles west of the city of Victoria, for the hydro-
electric plants of the British Columbia Electric Railway
Company.

This dam is 1,020 feet in length and 50 feet in height,

with 2y2 to I downstream slope and 3 to i upstream slope,

and contains 148,400 cubic yards of material. The dam
was built by the hydraulic process ' and impounds 328
million cubic feet of water, the top elevation being 1,483
feet above sea level.

Five miles below Bear Creek dam has been con-

structed the Jordan River dam of the ".Ambursen" type,

which is the highest dam. in Canada, the extreme height

being 128 feet. It is, so far, the second highest reinforced

concrete dam that has been built, the highest being the

La Prele dam in Wyoming, which has a maximum height

of 136 feet. The Jordan River dam is 891 feet in length

with a spillway 305 feet long provided with 8 feet of free-

board. It contains 21,200 cubic yards of concrete and 380
tons of reinforcing steel was used in its construction. The
dam impounds 612 million cubic feet of water, the top
elevation being 1,360 feet. From this dam the main
water supply is delivered by flume to a forebay from which
the penstock pipes are taken so as to utilize a head of

1,145 fsst 3t the power house where impulse wheels have

been installed to a capacity of 25,000 horse-power.

Mr. Conway also described the construction features

of Coquitlam dam which Impounds water for the Coquit-

lam-Buntzen hydro-electric project of the British Columbia
Electric Railway Company. This dam, which is the best

and largest example of hydraulic fill construction in

Canada, is 99 feet in height, 950 feet in length exclusive

of spillway. The storage obtained by building this dam
amounts to 180,500 acre-feet, or 7,873 million cubic feet.

The lecturer described in detail the hydraulic sluicing

operations in which 4-inch and 5-inch monitors were em-
ployed with a nozzle pressure of 80 lbs. per square inch.
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Oi tl>c 550,000 cubic y:ucls ol uiatcrial in the dam, 4^7,(x>o
cubic yards was placed in position by sluicing, the re-

mainder—consisting of heavy rock toes—being placed by
electrically operated cableways.

A description was also given of the intake works for

I lie supply of water to New Westminster, and some in-

teresting data regarding the rainfall in this part of British

Columbia, which has varied at Coquitlam between the ex-

tremes of 132 inches and 190 inches, the average being

153 inches per aniuun.

At the conclusion of the paper an interesting discus-

sion took place aiid many questions were asked the

lecturer.

CALGARY BRANCH. CANADIAN SOCIETY OF
CIVIL ENGINEERS.

The Calgarv Branch of the Canadian Societ)' of Civil

Engineers held its second dinner of the season at the

Alexandra Hotel at 6.30 p.m., February 3, 1916. About

70 members and guests were present. After the dinner

Mr. C. D. Howe, chief engirjeer, Dominion Government
Grain Commission, addressed the society on the subject

of "Government Elevator Construction." His address

was fullv illustrated with lantern slides. It was listened

to with much interest by the members present and a gen-

eral discussion followed.

The Calgary Branch expects to be favored aith ar>

address by Mr. J. G. Sullivan, chief engineer, Canadian
Pacific Railway Company,, on the Roger's Pass Timncl,

at an earlv date.

PERSONALS.

THO.S. RODGER has been appointed superinten-

dent of telegraphs for the Grand Trunk Railway -System.

JAMES MACKINTOSH, of Hydroglen, Ont., has

been elected an associated member of the Institution of

Civil Engineers (London).

C. W. PRICE, formerh' assistant superintendent

of the Sydney Division of the Intercolonial Railway, has

been appointed terminal manager at Moncton, X.B.

F. M. BRICKENDEN, until recently a member of

the city engineer's staff of London, Ont., is now a

lieutenant in the Engineers' Training Depot, Ottawa.

A. J. LATORNELL, B.A.Sc, A.M. Can. Soc.

C.E., has resigned his position as city engineer of

Edmonton, .^ita., in order to enlist for overseas service.

Mr. Latornell has been city engineer of Edmonton since

1968, for two years prior to which he was assistant city

engineer.

C. W. BAKER, B.Sc, of the Canadian Westing-
house Company, addressed a meeting of the Hamilton
Scientific Association last week on the subject of "The
Development and Utilization of Electricity."

K. F. NVSTROM, chief draughtsman of the car

department of the Grand Trunk Railway, addressed the

February meeting of the Canadian Railway Club on
"Improvement in Passenger Car Construction and

Design."

Lieut. R. H. HOPKINS, formerly a lecturer in

electrical engineering, L^niversity of Toronto, and a

lieutenant in the C.O.T.C., but at 'present attached to

the 39th Battalion, now in England, was severely in-

jured in a motor car accident, in which his brother,

Lieut. -Col. F. II. Hopkins, lost his life.

JOHN IIADDIN, .M.Can.Soc.C.K., .\..V1.1.C.E., and
E. L. MILI'lS, ,\.M.C an.Soc.C.I-;., who have for many
years been in partnershii) as consulting engineers under
the name of the John Gait Engineering Co., Limited, have
changed the firm name to Iladdin & Miles, Limited. They
are retaining their offices and organization in Winnipeg
and Calgary as previously.

Sergeant GEO. L.\\\', formerly superintendent for

Foley Bros., Welch and Stewart on railway construction,

and later with the C'ook Construction Company on the

double-tracking of the C.P.R. west of Sudbury, Ont.,

has received the Distinguished Conduct Medal. Sergeant

Law is with the 2nd Field Company, Canadian En-

gineers, and went to the front with the First Contingent.

Lieut. JAMES CAMPBELL McDOXALD, B.A.,

A.M.Can.Soc.C.E., graduate of Dalhousie University,

Halifax, N.S., and now in the Engineering Corps of- the

1st Canadian Contingent, has, according to a recent list

of honors to officers and men of the Canadian Expedition-

ary Force, been awarded the Military Cross. Lieut.

McDonald served in the South .\frican war under Major
Stairs, of Halifax, and in recent years was with the firm

of Cleveland il' Cameron, Vancouver.

OBITUARY.

The death occurred in Winnipeg on February 2nd

of Mr. Duncan MacDonald, a well-known railway con-

tractor of Western Canada. The deceased was in his

75th year.

The death occiirred in London, Eng., on February

9th of Sir Charles Rivers-Wilson, formerly president

of the Grand Trunk Railway, which position he held

from 1895 '*5 1909. For 20 years previous to this dis-

tinctive connection with railway development in Canada

the deceased was associated with the construction and

operation of the Suez Canal.

THE USE OF INFILTRATION GALLERIES IN
WATER SUPPLY.

(Continued jrom page 262.)

successful results on Long Island show the maximum
possibility of such a supply.

In tropical countries, where there exists so strong a

prejudice against the use of stored surface water for a

public water supply, due to the deterioration resulting

from the luxuriant vegetable growth abounding in such
waters, the use of an infiltration gallery is often advisable.

The natural purification which takes place in the water
while passing from the surface reservoir to the infiltration

gallery has been found to be effective. The ability to

economically produce a good, clean potable supply even
from a very inferior raw water by double filtration, or by
other methods, has not been generally recognized. It

appears that ground waters are largely preferred, and the

proper use of infiltration galleries alone or as a supple-

ment to a well supply is an important matter.

TORONTO BRANCH. CANADIAN SOCIETY OF
CIVIL ENGINEERS.

A special meeting of tlie above society will be held

on Friday, February i8th, to consider the nominations for

the reorganization committee of the society.
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STRESSES IN LATTICE BARS OF CHANNEL COLUMNS
DERIVATION OF THEORETICAL FORMULA THAT TAKES LENGTH INTO

CONSIDERATION AND THEREFORE ALLOWS FOR STRESS CAUSED BY

BENDING AND THAT ALSO AGREES CLOSELY WITH ACTUAL TEST RESULTS.

By William Worth Pearse, C.E.,

City Architect and Superintendent of Building-, City of Toronto.

FORMULA for calculating stresses in lattice bars of

columns have hitherto generally been considered

empirical, but the writer believes that in the follow-

ing will be found a theoretical formula which will

meet any and all conditions, and which checks up with

actual tests.

As a matter of history, it might be noted that on

November 2nd, 1907, an article by the writer was published

in Engineering Record, of New York, in which the writer

evolved a formula for transverse shear which has since

been adopted by several authorities, but which does not

take into account the length of the column. In the follow-

ing article the writer has evolved a formula which takes

length of column and bending into account.

The formula published nine years ago was as follows :

232 Ar
[Equation a.

J

R =
n

where A = area of column.
r = radius of gvration, axis parallel to back of

channels.

n = distance from neutral axis to extreme fibre.

Equation a was derived from the New York law for

columns, as follows :

—

P „ /

-J
= 15.200 58— . [Equation b.]

Now, if the American Railway Engineering Associa-

tion's formula is used, which is

p ;—-= 16,000 — 70— , [Equation c]

then R = 280 A r
[Equation d.]

Equation d is the value for the transverse shear

adopted by several authorities. It can easily be proven
by direct proportion that Equation a and Equation d are

similar, as follows :

—

58 : 70 :: 232 : x

Therefore, x = 280.

It will be noticed that in Equations a and d the length

does not appear.

Now, it is evident if wc put ! = o in Equations h and
c that the quantity to be deducted due to bending drops

out, and that nothing would be deducted due to the bend-
ing of the column, or in other words as the length of the

column approaches zero, the stress to be deducted due to

the bending also approaches
zero, or there is a much
greater stress in the column
due to bending when the

column is long. As it is

only the stress caused by

the bending of the column
that causes any stress in the

lattice bars, it is evident

that the longer the column
is, the greater must be the

stress in the lattice bars.

By referring to Table No.
I, it will be noticed that the

stresses for different lengths

vary. Columns 9' o" long

have much less stress in

the lattice bars than columns

T

I

I

of the same cross- 1—4
I-

-7-

sections. (See Column 2

of Table No. i.) It is,

therefore, evident from the ^'S* '

above that Equations a and

c are incorrect except for

one length of column, whatever that

length may be.

For the same reason, the ratio given

in Bulletin No. 44 of the University

of Illinois, which was given as .0251
of the compression load, can only be correct for columns

having a ratio of — = 37.8, or thereabouts. By referring

again to Table i, Cols. 11 and 12, it will be seen that for

approxmiate ratios of— = 37-8, that the ratio .0251 com-

pares very closely indeed with the result of the formula
given hereafter.

Derivation of Formula,—Referring to Fig. i, It has
been assumed that cDlumn is hinged top and bottom, and
that a load P is applied top and bottom.
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If tlic coliiinn is very short llie malirial will be crushed

and there will he an even pressure over both channels, as

shown by Kiy. ^, and equal to Sc per square inch.

Fig. 2. Fig. 3.

"T

__1.

If the column is long, it

will fail by bending and
there will be tension on one

side and compression on the

other, or, by referring to

Fig. 3, it will be seen that

there is a difference of stress

between the two channels

equal to 2k.

Or the total stress in chan-

nel marked C.R. would be

A
2k~ , (Uie to bending. Fig. 4.

i^et .9c = 16,000 lbs. = allowable pressure per square

inch when column is very short, and S, = allowable

average pressure per square inch for long columns.

Then, (So — S,) = stress per square inch due to

bending of column at centre = k, and {So — .S,) A = total

stress in column at centre due to bending of column.

[Equation i.]

A = area of column.

Referring to Merriman's Mechanics of Materials,

1894 edition, page 132, he gives what he considers the

most accurate column formula for

P
-7-= Si, namely,
A

~ = ^^ [Equation 2.]

m - E r

Substituting usual values in Equation 2,

16,000
5, = ; [Equation 3.]

I +
12,000 r

Referring to Fig. 3 and Fig. 4 it will be noticed that

the right-hand channel (marked C.R.) has a stress per

square inch = 5c, while channel marked C.L. has a stress

per square inch = Sc — 2k, making a difference in stress

per square inch between the two channels of afe per

square inch.

But fe = (Sc — S,). [Equation 4.]

Therefore, 2k = 2(So — S,). [Equation 5.]

Then the total stress in channel (marked C.R.) due

4 A
to bending is = afe — = 2(.Sc — S.) — . [Equation 6.]

Now referring to Fig. i :

—

When a long column is loaded it will bend as stated

before, and the curve it will take will be a sinusoid whose

equation is y = A sin ^ y . [Equation 7.] (Hinged ends

only. If column is not hinged top and bottom, then the

general equation for the flexure of the column will become

y = A sin n " xll. If one end is fixed and the other end

is round, then ii = 2. 11 both ends arc fixed, then 11 =^ 3.

The above equations would have to be used in place of

Equation 7.)

(See Merriman's Mechanics of Materials, 1894 edi-

tion, page 115.)

Let M = bending moment at centre of column, then

M = PA.

Total stress in one channel due to

PA
D'

Equation 8.]

But it \\ as ft)und in Equation 6 that the total stress

in one channel was equal to 2(.So — Si) - .

PA A
Therefore -jrj = 2(Sc — S,) -. [Equation 9.]

Or, A = D' ^^'—^^)-'^
. [Equation 10.]

m = bending moment at any point x.

= Py. Substitute for y, (see Equation 7),

.= P A sin - — . [Equation 11.]

Substitute for A, (see Equation 10),

PD'(Sc— S.)A Xm = sin . - .

Or, m = D' (.Sc — Si) .4 sin - j . [Equation 12.]

Now, stress in channel at any point x =
D'

Therefore,

m

Z)'(So— S,)yl .

sin
D' D' —-

I

Therefore,— = (Sc — S,) A sin " -r = P- [Equation 13.]

Referring to Fig. 5 :

—

The stress in end lattice bar be = p sec ?>.

Therefore, stress in end lattice bar

be --^ (Sc — Si) .1 sin - y sec *. [Equation 14.]

But there are two lattice bars ; therefore,

(Sc — S.) .1 sin

[Equation 15.]be = /

But angle ?> is usually 60° and the secant of 60° is 2
;

therefore, stress in each lattice bar

be = (Sc — Si) A sin t y. [Equation 16.]

If Equation 16 is solved, it will give the stress in

each end lattice bar when ?> is 60°, and as the end bar

I"

Fig. 5. Fig. 6.

takes a maximum shear, all that it is necessary to do is

to design the end bar and make the remainder of the bars

the same size.

To find the stress in the lattice bars for any other

angle than </' = 60°, use Equation 15, which is a general

equation.
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TABLE No. 1.—For Design of Lattice Bars of Columns.

(This is probably tlie first table ever published for this purpose that is worked out in such manner that a drafts-
man can use it for ready reference. A copy of this table, mounted on stiff cardboard and strung ready

to hang, will be mailed free to any reader upon request to The Caiuidian Engineer.)

1
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Each end lalticc bar would have lo be designed lo act

as a cohinin having a lengtli equal lo / and a load equal

to y.

Referring to Bulletin No. 44 of the University of

Illinois, page 47, they give a formula for lattice bars as

columns based on actual tests :

—

— = 21,400 — 457 • [Equation 17.J

Equation 17 gives the ultimate fibre stress per square

inch ; therefore, the safe load would be

P I— = 6,600 — 45 - • [Equation 18.]

Equation 18 is using a factor of safety of 3}^, which

is about the same as is given in Equation 3.

From Equation 16, Table No. i was figured, which

gives the stress in the end lattice bars for channel columns

having lengths of 9' o", 12' o", 15' o", 18' o" and 20' o".

For intermediate lengths it would be safe to interpolate.

For difTerent areas, it will be directly proportional to the

area, as will be seen by referring to Equation 16.

Application of Formula.—Now, to prove that Equa-

tion 16 is correct and agrees with experiments, one refers

to Bulletin No. 44 of the University of Illinois, page 33,

supplementary to Table 6, which gives in the last column

of the table "Ratio of transverse shear to compression

load = .0251."

This was the results of tests on "Column i."

Referring to page 10 of the bulletin, a full description

is given of Column i, as follows:

—

.4 = 18.76, L = 21' o", - = 37.8, angle of lattice

bar with axis of column = 63° 30'.

It seems reasonable that all columns having a ratio

/

of - = 37.8, or thereabouts, and having the lattice bars

sloping approximately 63° 30', should have a ratio of

transverse shear to compression load = .0251. Refer-

ring to Table i, on page 254, it will be noticed that for

two channels 15" at 33 lbs., 20' o" long, the stress

given in the end lattice bar is 4,060 lbs. — = 42, which

is reasonably close enough to what is given in the tests

to give approximately the same results ; therefore, we get,

for transverse shear, the following where .4 = 19.8 and

the compressive load per square inch = 13,900 lbs. ; and

therefore transverse shear = 19.8 x 13,900 x 0.0251

= 6,880 lbs.

• , , r 6,880
There are two lattice bars, therefore = 3,440

lbs. transverse shear on each lattice bar. (See Fig. 6.)

The secant of 30° = 1.155, therefore 3,440 x 1.155

= 3,973 lbs. stress in end lattice bar, which is very nearly

what is given in Table i, which is 4,060 lbs.

Referring to Table i again, it will be noticed that for

two channels 7" at g% lbs., 9' o" long, that - = 40,

S, = 14,200 lbs. and stress in end lattice bar is 1,160 lbs.

A = 5.7 square inches.

Therefore, transverse shear = 5.7 x 14,200 x 0.0251

= 2,030 lbs.

2,030
Therefore, = t,oic lbs. transverse shear for

2

each lattice bar.

Then, 1,015 x 1.155 — 1,170 lbs., which is within

10 lbs. of that given by the formula, which is 1,160 lbs.

Referring to Table i, two channels 10" at 15 lbs.,

12' o" long, - =^ 38, S, = 14,300 lbs. per square inch,

A = 8.92 square inches, stress in lattice bar = 1,760 lbs.

Transverse shear = 8.92 x 14,300 x 0.0251 = 3,200
3>200

lbs. Therefore, = 1,600 lbs. transverse shear for
2

'

each lattice bar.

Then, 1,600 x 1.155 = 1,848 lbs. stress in lattice

bar, which is within 88 lbs. of what is given in Table i.

Referring to Table i, two channels 12" at 20j^ lbs.,

/

15' o" long, — = 39, S, = 14,200 lbs. stress m lattice

bar = 2,560 lbs., A = 12.06 square inches.

Transverse shear = 12.06 x 14,200 x 0.0251 =4,300

lbs. Therefore, ^^— = 2,150 lbs. transverse shear for

each lattice bar.

Then, 2,150 x 1.155 = 2,480 lbs. stress in lattice

bar, which is 80 lbs. less than what Table i gives.

Referring to Table 1, two channels 15" at 33 lbs.,

18' o" long, — = 39, 5i = 14,200 lbs., stress in lattice

bar = 3,937 lbs., A = 19.8 square inches.

Transverse shear = 19.8 x 14,200 x 0.0251 =7,060
7 060

lbs. Therefore, -^ = 3,530 lbs. transverse shear for
2

each lattice bar.

Then, 3,530 x 1.155 = 4,077 lbs., stress in lattice

bar, which is 140 lbs. more than what Table i gives.

Note—There are certain secondary stresses caused

by inaccuracy in fabrication which cannot be covered by

any formula that could be derived. This, no doubt, ex-

plains the slight difference between the results of the

tests and the results obtained by use of the formula. One
must take into account, also, the possible errors due to

readings of the extensometers.

CANADIAN AND INTERNATIONAL GOOD ROADS
CONGRESS.

As previously announced in these columns the third an-

nual meeting- of the above Congress will be held in Montreal
at Sohmer Park, from March 6th to loth, igi6.

.A. special effort is being made to get together influential

members of al! the societies interested in the Good Roads
Movement, and as a result it is expected that the Congress
will be made up of men from all branches of public life

—

Government officials, engineers and automobile owners being
particularly in evidence.

The Eastern Canadian Passenger .•Association has agreed
to grant reduced fares to all persons attending. Among the

many papers to be discussed will be a paper on Road Laws,
in which will be fully explained the legislation under which
the provincial governments extend aid to municipalities for

road improvements and the various statutes upon which
municipal organization for road purposes is based. .Also of

equal importance will be a paper on traffic regulations. Other
papers to be discussed will deal with subjects which come
under the following heads : Road Foundations, Wearing Sur-
face, Bridges and Culverts, Road Machinery, Road Mainten-
ance and Materials of Road Building.

The officers of the Congress are : B. Mirhaud, president

;

O. Hezzlewood. vice-president ; Geo. McNamec, secretary-

treasurer ; and .\. H. Dandurand. \\'. A. McLean. Howard \V.

Pillow. J- Durhastpl. T. A. Snndrrson. members of romniittce.

The secrctar\''s office is located in the new Birks Build-
ing, Montreal. P.Q-
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LIMITATIONS OF RESULTS OF TESTS OF
BITUMINOUS MATERIALS.

HAVE analyses of bituminous materials any real

meaning to the municipal or highway engineer or

road contractor? Are chemists' tests reliable;

and when made on bituminous materials, are they

anything but means of identification?

These questions are raised by a lecture on the limita-

tions of the value of making tests on bituminous materials,

which was given in the graduate course in highway en-

gineering a couple of weeks ago at Columbia University

by Chas. N. Forrest, of Maurer, N.J., who is chief

chemist of the Barber Asphalt Paving Co.

Mr. Forrest says that the first application of bitu-

minous materials for paving purposes was not likely pre-

ceded by laboratory tests of any kind, and that, at any

rate, the earlier schemes for testing such substances did

little, if anything, more than to identify the material under
examination.

After a bituminous pavement was laid that was
enough of a success to cause it to be conspicuous, Mr.
Forrest says, the services of a chemist were employed to

take the thing apart and determine of what it was made.

The function of all bituminous materials in a pave-

ment is physical rather than chemical, as they are all

chemically inert so far as concerns any influences to which
they are subjected in normal service. An exception to this

is the creosote oil used for impregnation of wood paving
block, which must have certain chemical properties to

perform its proper function. With the exception of creo-

sote, however, Mr. Forrest claims that practically all of

the tests now applied to bituminous materials, by those
who are concerned in their application to roads, come
within the classification of proximate analyses, and do not
disclose the ultimate composition of the substances. He
says they merely reveal certain of its characteristics,

chiefly physical, when applied in very strict accordance
with some prescribed method.

A great deal of time and thought has been given to

the question of standardization of the methods employed
in bituminous analyses. The standardization of methods
for tests is of more importance, thinks Mr. Forrest, than
the drawing of general specifications, as there can be no
proper understanding of specifications until there is

unanimity of opinion as to how the characteristics men-
tioned in them are to be determined. The following is

an abstract of the portion of Mr. Forrest's lecture which
deals with the difficulty in making, and the value or other-
wise, of tests on bituminous paving materials :

—

The standardization of the methods for performing
tests of bituminous materials has not yet been satisfactorily

accomplished, but is progressing slowly, and in the mean-
time a full description of the method which is to be em-
ployed should accompany all specifications, if confusion
is to be avoided.

That there is considerable divergence of opinion as to
the most suitable method for performing many of the
tests, and a still greater divergence upon the results ob-
tained, is appreciated by all who have been concerned in

either the manufacture, sale or purchase of bituminous
materials for any length of time.

Specific Gravity.—There is not much room for honest
disagreement upon the subject of specific gravity, yet in

view of the fact that that characteristic varies with tem-
perature and such viscous substances as many of those
involved are, are prone to entangle air and moisture,
there has been more or less controversy over this simple
matter. As this characteristic of bituminous materials

frequently plays an important part in the computation of

quantity delivered, and slight errors in the laboratory de-

termination of specific gravity multiply into very consider-

able differences between what is shipped at one point and

received at another, it is worthy of careful consideration.

The temperature of bituminous materials affects prac-

tically all of the physical tests to which they are subjected,

and too much care cannot be exercised to insure the

specific temperature specified, being the actual condition

of the material under examination and not merely that of

the surrounding air or water which may envelop it at the

time. This class of material absorbs and radiates heat

slowly and the period of time stated in a method, through

which a sample is to remain in water, or the procedure to

be followed in heating or cooling it, must necessarily be

based upon considerable experience in such matters and

must also be religiously followed if accuracy is important.

While there may not be much room for honest dis-

agreement upon the subject of specific gravity, there is no
limit to either the room for or the degree of disagreement

Fig. 1.—Improved Freas Oven for Loss

on Heating Test of Bitumens.

in regard to practically all of the other tests to which
bituminous materials are submitted.

Flash Point.—In addition to the dozens of miscellane-

ous independent methods used for the determination of the

flash or fire point, or both, there are as many as at least

eight more or less standard methods for the same pur-

pose which may be described under the name of the ap-

paratus used for the purpose. The eight standard methods

are as follows: Tagliabue, open and closed cup; New
York State, closed cup ; Cleveland, open cup ; Abel, closed

cup ; Abel-Pensky, closed cup ; Pensky-Martin, closed

cup ; Bureau of Mines, closed cup.

No open-cup method will yield results capable of

duplication in the hands of different operators, and the

value of any results so obtained is questionable. The re-

sults obtained under unlike conditions, either as to type or

cup, or its manipulation, are not comparable. The closed

cup tests can be checked to a single degree.

Penetration.—At the present time there are several

different instruments (Bowen Penetration Machine, Dow
Machine, N.Y.T.L. Penetrometer, Abraham's Consisto-

meter) and methods for the determination of the consis-

tency or penetration of bituminous materials, although but

one of each is in general use. As is well known, the

principle of this test is to determine the depth to which a

standard needle under a definite load will penetrate at a
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stated temperature and in a stalc-il period of time. There

arc several variables or opportunities therefor in this test

and these must be taken care of at the outset. The con-

sistency of bituminous materials is an adjustable char-

acteristic and, without consideration of any other feature,

may be regulated in terms of the apparatus referred to,

to any degree desired, but as to what is a proper penetra-

tion for a given material or a slated purpose, depends
entirely upon experience with both that material and pur-

pose and where the purpose is located.

The penetration of different classes of bituminous

materials is not always a correct indication of their rela-

tive consistency due to the fact that very adhesive sub-

stances retard the progress of the needle, by clinging to

its sides, while more oily and harder substances may en-

courage its progress. The diameter and depth of the

vessel in which the substance imder examination is tested,

and whether its surface is covered with water or exposed
to the air, may also influence the result.

Disagreement in the results of this test by different

operators is more frequently due to temperature variations

in the sample than any other cause, although a dull needle,

too small sample, or lack of the "knack" of manipulating
the test are sometimes contributory causes. Some experi-

ence is necessary to perform the test satisfactorily. After

all conditions are correct, it is conceded that a difference

of four points is satisfactory agreement between different

operators.

Melting Point.—The number of different methods
which have been proposed for the determination of the so-

called melting point of bituminous materials probably
exceeds that of flash point methods. Those with which
the author is familiar are as follows: Cube on mercury;
Mabery ; Kramer & Sarnow and modifications ; ball and
ring and modifications; cube in water; cube in air;

coated bulb and modifications ; Wendringer ; New York
Testing Laboratory.

Nearly every laboratory has its own "pet" scheme
for this test, and inasmuch as bitumens have no true
melting point, because they are mixtures or combinations
of many different hydrocarbons and other things, any one
of the methods which have been proposed is about as good
as any of the others in the hands of a single operator,

but no two of them yield comparable results and no one of
them in the hands of different operators will agree, unless
every detail of the test is scrupulously adhered to.

Ductility.—While at least three different methods for

the determination of ductility have been proposed, only
one of them is in general use. The three methods referred
to are the Dow, Cross and .•\brahams, the first mentioned
being the most popular. The Cross and Abrahams
methods both employ cylindrical test specimens, while the
Dow method involves the use of a briquette having a
square cross-section at its narrowest part, and taking a
flattened hour-glass form.

The results upon the same material as tested by these
three methods are not comparable, but some recent co-
operative work with the Dow method seems to indicate
that results varying from 5 to 4 cm. were obtained by six

difFerent operators upon the same material.

Loss on Heating.—The loss on heating test is one
which has been the subject of considerable disagreement
chiefly on account of the great variety of apparatus used
for the purpose. It would seem to be a very simple matter
to weigh out a definite amount of material and expose it in

a suitable container to a stated temperature for a stated
period of time, but the difficulty lies in the fact that the
diameter and depth of the container influence the amount
of loss, and the ovens in which the heating is done are of

all sorts as regards temperature uniformity and air circu-

lation. During the last couple of years a collection of

boxes used by different analysts in making the volatiliza-

tion test has been assembled. Seven dishes vary in

diameter from 4.4 to 7.6, cm., and in ht'ight from 1.5 to

4.3 cm. Two have round corners and five have square

corners.

Probably the two types of ovens which are in most
general use are the New York Testing Laboratory gas-

heated, cylindrical oven and the Freas electrically heated,

rectangular oven. The former was adopted as standard

for this test by the .Vmerican Society for Testing Materials

several years ago, but since that time the Freas and other

electrically heated ovens have appeared and are now in

very general use.

There is a discrepancy in results in the Freas oven

which has been ascribed to the presence of convection

currents set up inside the oven. The variation in loss

from a number of samples of the same material in one

test ranged from an average of 5-8% for position at the

front of the oven to 10.4% for position at the back of the

oven. The position of the samples in the oven is the chief

factor in the cause of the variation. It is obvious that the

temperature or the circulation inside this type of oven is

not uniform, and that a thermometer in a fixed position

will not indicate the true condition of affairs.

In order to circumvent the eccentricities of the oven,

a revolving shelf has been devised and installed by Roy
Fitch, of the U.S. Bureau of Standards, in the Freas oven

in that laboratory. This modification is illustrated in

Fig. I. The shelf is made of a perforated disc of alu-

minum, and is hung midway in the oven from a vertical

shaft which revolves in a fixed bearing in the top venti-

lator. The samples under test are arranged single file

around the shelf and the whole outfit is revolved at the

rate of 5 to 6 r.p.m. throughout the entire test. The
power is a small i/ioo h.p. motor, geared directly to the

shaft. Under these circumstances every sample in the

oven is in the same position for the same length of time

during test, and two sources of error appear to have been

thus minimized, if not entirely removed. Concordant re-

sults are impossible if the amount of material, the diameter

and depth of the box or dish, and the temperature and

circulation of air are not exactly the same in every

instance.

Hardening After Heating.—The penetration of the

residue after the loss on heating test has been performed
is, of course, subject to the same errors as surround that

test at all times. It is also affected, however, by the

depth of the material under observation, and if this test

is to be performed a quantity sufficient to provide proper

depth for the purpose should be taken in the beginning.

The maximum depth in millimeters of 20 and 50
grams respectively of a few of the bituminous materials

used in road building, in boxes of different diameter, is as

follows :

—

Depth of Material in Heating Dishes of Different

Diameter.

Diameter of dish. 2.5 inches. 2.25 inches.

.Amount of M.aterial. 20 Grs. 50 Grs. 20 Grs. 50 Grs.

Depth of light flvix. 8 m.m 20 m.m. som.m.

Depth of heavy flux. 6 m.m. 20 m.m. om.m. 23 m.m.
Depth of 1.25 Sp. Gr. A.C,

(SoPen.) 5 m.m. 8m. m. d m.m. i6m.m.
Depthof i.oSSp.Gr. .\.C..

(5oPeji.) 6m. m. 16m. m. 7 m.m. iSm.ns.
Depthof I, oRSp.Gr. .^.^..

(i4oPon.) 6m. m. i6m.m. 7 m.m. iSm.m.
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As 20 grams of asphalt cement in a dish 2i< inches

diameter is but 6 to 7 m.m. deep, or the equivalent of 60

to 70 penetration, it is obvious that such material cannot

lose the amount permitted by many specifications in the

heating test and still be of sufficient depth for the penetra-

tion test. The fact that the needle strikes and stops upon

the bottom of the dish is not always appreciated and has

led to controversy or unfavorable criticism in some
instances.

There are a great variety of instruments available for

indicating the viscosity of bituminous materials, and while

no particular type has been officially adopted for testing

road materials, the "Engler" is more generally used for

that purpose than any other. In addition to the Engler,

the Lawrence, Redwood, and Saybolt, are sometimes
mentioned in specifications for road building materials.

None of these instruments speak the same language,

but there is no reason for disagreement between different

operators or laboratories with the same type instrument,

if the standard directions for its operation are observed

by both sides.

The relation of several of the more widely employed
viscosimeters to each other has been worked out and
published in the Proceedings of the American Society for

Testing Materials.

Cementitiousness.—The direct determination of the

cementitious properties of bitumen has been attempted by
different investigators in a variety of ways, and a recent

form of such test which is applicable to road surfacing

oils is the Osborne test, devised by Clarence B. Osborne,
chemist for the State Highway Department, California,

and applied in the examination of the heavy oils or liquid

asphalt used extensively in that State.

The Osborne apparatus is illustrated in Fig. 2. It

consists of a horizontal hollow brass spindle 2 in. diameter

by 3 in. long, through which water at 77° F. is circulated,

a brass collar 2 in. long by 2.01 in. inside diameter, which
fits loosely over the spindle, and a 3-kilo weight attached

by a cord to an eye on the collar. The brass spindle and
inside of the collar are coated w'ith the oil under examina-
tion, and the latter is then slipped over the spindle. The
cord holding the weight is wrapped about the collar and
when the weight is released the time elapsed in seconds

while the collar makes three revolutions is recorded. Re-
sults can be checked within a few seconds and the more
cementitious materials interpose greater resistance to the

movement of the collar than less cementitious ones of the

same consistency. As this device is arranged at present,

it is not available for testing and semi-solid bituminous

cements or binders for macadam type of construction. A
series of tests performed in the writer's laboratory upon
a number of heavy oils of about the same consistency

available in the east gave the following results :

—

Heavy Oils. Osborne Test.

1 770 seconds

2 600 "

3 250 "

4 17s

The more solid bituminous materials are tested for

adhesive properties by several experimenters by cement-

ing two brass cylinders, or prisms, having an area of one

square inch, together w-ith as little of the hot bituminous

material as will remain between the parallel faces of two
such metal sections when a regulated amount of pressure

is applied. After adjusting the temperature of the test

piece so prepared, the cylinders are pulled apart in a

suitable apparatus, such as a tensile machine for breaking

briquettes of hydraulic cement. A large number of tests

of the same material must be made to secure a fair

average, and abnormally high and low results should be

discarded. Variations amounting to several hundred

pounds frequently occur.

.A test of this character is employed by G. P.

Homstreet, of the Hastings Paving Company, in the con-

trol of the manufacture of asphalt blocks, and also by

Dr. Kleebcrg, chemist. Bureau of Highways, Borough of

Manhattan, but the sjiecitications of municipalities for

paving materials have not, so far, included such a

requirement.

Brittleness.—A test for brittleness is not usually men-
tioned in connection with bituminous road building ma-
terials, but is in use by some investigators for special

purposes. One type of such a test is performed at some
specific temperature by resting a small prism of the bitu-

minous material upon knife edges standing a definite

distance apart, and striking it midway with a ball weight

falling a prescribed distance. This test was probably

devised in the asphalt laboratory of the District of

Columbia.

Another type of test for brittleness is in use in the

laboratory of the Highway Department, State of New
York, and elsewhere, and

is applied to semi-solid

bituminous material of

a considerable range of

consistency. In carrying

out the test, six or eight

cylinders, 1.25 or 2.00

inches diameter and of

equal height, are cast in

a split mold and after

they are adjusted to a

standard temperature,

usually 32° F., are re-

moved from the mold

and broken under a Page
impact or similar ma-
chine. A large number
of individual tests upon pjg_ 2.—Osborne Test for
the same material is Direct Determination of
necessary to arrive at a Cementitiousness.
fair average.

Solubility'.—Bituminous materials are tested in a

variety of complete and partial solvents with certain

objects in view. The universal solvent for bitumen is

carbondisulphide, and bituminous materials and mixtures

are therefore treated with that solvent for the purpose of

ascertaining their bitumen contents. The bitumen con-

tents of such materials is that portion which is so soluble.

Bensole and chloroform are also complete solvents for

bitumen, and are sometimes employed for that purpose,

but carbondisulphide is in more general use and has wider

approval. Carbontetrachloride does not always dissolve

as much of a bituminous material as carbondisulphide.

Petroleum naphtha, acetone, and ethyl-ether are only

partial solvents of bitumen. The former has been em-

ployed extensively in the examination of bituminous ma-

terials, but the test is subject to wide variation in the

hands of even an experienced analyst, unless the tempera-

ture of the solvent, its gravity or limits of boiling point

and general nature are collectively always the same.

The results of solubility tests of a given bitumen in

70° naphtha and 80° naphtha are not comparable, nor are

the results the same in duplicate tests if one naphtha has

been derived from a parafline oil and the other from an

asphaltic oil.
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The solvent action of elhyl-clher upon a given bitumen

is constant regardless of temperature and, as ethyl-ether

is a definite chemical substance liaving a dehnite boiling

point, the only precaution necessary in the use of that

solvent to insure positive results is to employ pure ethyl-

ether. (A common impurity is ethyl alcohol.) The same
thing is also true of acetone or any other definite chemical

substance. There are no limits to the possible variations

in such tests if the solvents employed are impure or the

tests arc performed in a careless manner.

Conclusion.—It has been stated that "the ultimate

utilization of tests for the purpose of selecting material

for a given use makes it necessary that (i) the test limits

adopted shall specifically define the material, and (2) that

the material thus defined shall have previously proved
satisfactory for that particular purpose."

Under the above circumstances, it is obvious that

such tests as have just been discussed do not per se dis-

close the qualitj' of a bituminous material for any specific

purpose. The characteristics determined by such tests

are usually common to all bituminous substances, good,
bad and indifferent.

One will only differ from another in degree, and the

extent of such differences, in view of the limitations of the

tests 'now in use, will depend a great deal upon the experi-

ence and skill of the analyst making them. With very
few exceptions, none of the tests are conclusive, nor the

data as a result of their application even instructive, unless
it represents a large number of observations upon the
same material. Freak results are often encountered and
such should be eliminated in computing the average result

of any tests susceptible of producing freaks.

The drift of this subject during the past few years
rather brings us abreast with the fact that a great deal
of attention is being paid to the testing of an element
which forms but a small part of an article of manufacture,
viz., the pavement in place and ready for work, which
might perhaps be devoted, with the hope at least of more
positive results, upon the finished article as a whole. The
bituminous binder employed in road building is modified
to such an enormous extent by the mineral aggregate
with which it is associated that its suitability or its quality
for any specific purpose cannot be estimated without con-
sideration of the mineral aggregate, and the conditions of
service which it is required to meet.

The amount of laboratory work required to ascertain
whether a material does or does not comply with such
specifications is small, and the question of mere com-
pliance is much simpler and of less actual importance than
that of quality.

Bituminous pavements which are put down in sheet
form; i.e., as a unit, do not lend themselves readily to
testing as a whole or as a complete mixture, but it is

obvious that a series of tests which could be applied to
the finished article of manufacture, viz., the whole mixture
or the pavement in place, would be much more conclusive
and satisfying from the point of view of the engineer who
is responsible for the work, than the type of tests now in
vogue, confined as they are to the raw materials as
separate units, and give no direct information as to how
congenial such raw materials will be after they are
combined.

There is a definite understanding on the part of en-
gineers as to the function of a bituminous pavement, and
it would not be a diflScult matter to forecast rather closely
the probable punishment it will receive in service. A
series of tests which could be applied to the finished pave-
ment or to the complete mixture which is to form the
pavement would be of infinitelv more value to the en-

gineer than any information developed by present-day

procedure.

The manufacturer of a pavement must know what
raw materials to bring together to produce the results

demanded by the purchaser of his product, but at the

present time the limitations of results of tests of bitu-

minous materials for road building are such that after

the results are obtained the purchaser of the finished

article must still select the bituminous material for use

therein by reputation for good service.

RIUHTS OF CONTRACTOR UPHELD.

At Montreal recently the Superior Court decided a

suit which will be very interesting to engineers and con-

tractors. According to the evidence, Geo. W. T. Nichol-

son, contractor, of Montreal, took a contract late in 1909

to build a power plant for the Canadian Light and Power
Co. Under the terms of the contract the payments were
to be made monthly on the engineer's certificate and final

payment within 30 days after completion and acceptance

of the work.
When the work was partly completed, an official of

the company saw a chance to save money by inducing the

contractor to consent to a change regarding the measure-

ment of material. The official knew the contractor was
hard-up for money and the men's pay was four days

overdue. The company itself was behind with payment on

the monthly estimate, then due. Knowing this, the official

induced the contractor to sign a letter agreeing to a change
in the method of measurement, threatening that other-

wise the company would further withhold payment of the

monthly estimate. The engineers of the company, when
the letter was shown them, protested that such a change
in the terms of payment was unfair to the contractor.

It was also established to the court's satisfaction that

by the terms of an agreement made between the company
and its engineers at a later date, the engineers became
mere ser\ ants of the company and not independent certify-

ing engineers. Under instructions from the company the

engineers refused to sign a final certificate on the comple-
tion of the work, and the contractor was thrown into

bankruptcy.

The judge said in his decision: "The engineer was
unable to preserve an attitude of judicial independence
between the parties, and this released the contractor from
all conditions in his contract with the company by which
he had submitted to have his rights determined by the

engineer." The facts in the case were established not

only by the evidence of the plaintiff, but by the engineers
themselves. Under these circumstances the court gave
a sweeping decision in favor of the contractor, pointing

out particularly that the agreement extorted from the con-
tractor to consent to a change of measurement was an
agreement obtained by "coercion, violence and fear and
was therefore null and void."

A NON=CORROSIVE ALLOY.

A metal that will not corrode on exposure to moisture is
very desir.ible for many purposes, such as for making
faucets and other water fixtures, and fittings for yachts, and
many alloys have been devised for the purpose, as no simple
metal appears to meet the requirements satisfactorily. A new
alloy that is claimed to be entirely non-corrosive has been
recently patented by an .American inventor, consisting of 82
parts of aluminum, by weight. 12 parts copper, 5 parts cad-
mium and one part silver mixed in a special manner. This
alloy is said to be much lighter than copper or bronze, of

good strength and to run well in casting.
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CONSTRUCTION METHODS ON THE TORONTO
AND HAMILTON HIGHWAY

By H. S. VAN SCOYOC, A.M.Can.Soc.C.K., A.M.Am.Soc.C.E.,
Chief Engineer, Toronto and Hamilton Highway Commission.

I.l/r. J^an Scoyoc's paper uas fully illustrated by numerous lantern views and a motion picture film.

In his introductory remarks he announced that 30 miles of the highway were graded, with practically

all the culverts and bridges widened or replaced, and that approximately ly miles of the concrete

highway were open to traffic.—EDri'OR.^

THE highway follows previously existing roadways

with the exception of diversions at Bronte and
Heeks Corners, a slight shifting of location on

Water Street in Burlington, and a short stretch of

new construction west of Maple Avenue in Burlington.

The minimum width of graded roadway is 26 feet. This

width has been increased on the highest fills. A minimum
of 30 feet was graded in cuts. Culverts and bridges have

a minimum clear width of 26 feet. In the towns and

villages these widths have been increased to provide for

one or two sidewalks, as was felt necessary. The smaller

width of the subgrade, or to be utilized for shoulder con-

struction, or backfilling by means of a grader, unless the

cut was so heavy that the material had to be moved some
distance. Pick plows or rooters drawn by horses were

used to keep the material loose and the earth hauled by

slushers, wheel scrapers or dump wagons, as the distance

demanded. If a steam shovel had been near at hand it

could have been used to good advantage on some of the

Lome Park hills, but the limited yardages in any one

location did not seem to justify the purchase or rental of

this kind of equipment. The slopes, both in cuts and in

Completed Section.

culverts in the heavier fills have been made of such a

length that the slopes of the fills are carried out to the

regular width, avoiding high end and wing walls. The
structures have been designed for the loading specified

in Class "C" bridges standard General Specifications for

Concrete Highway Bridges, Ontario.

The problem may be considered as comprising (i) the

handling of materials already on the road in the grading

operations, and (2) the handling of materials from outside

sources to the road ; more particularly those required for

the concrete paving. Modern highway building is largely

a transportation problem. k% illustrating this, more than

90% of the cost of the sand that went into the work under

consideration represented handling and transportation

charges.

In those sections where there were the remains of

macadam roadways the first operation was to tear up the

subgrade for at least the width of the concrete by means
of a scarifier hauled by a gasoline tractor. In most cases

the full depth of stone was loosened by one trip but oc-

casionally more than one was necessary. No diflRculty was
experienced where bituminous macadam was encountered.

The loose stone was moved to the side to increase the

Concrete Culvert.

ditching, were hand-trimmed, which added considerably

to the cost per cubic yard of excavation, but was neces-

sary if the section was to be maintained. The slopes were

made i J^ to i. Practically all of the removing of sod

was done by hand, although graders were used to some
extent. Where possible, part of the ditching was done

with slushers, but much of it was hand-work. About five

miles of trenching was excavated by a trenching machine.

While the limited quantity and the nature of much of the

soil trenched did not present ideal conditions for low-cost

work, a considerable saving was effected in the actual

excavation and a much larger saving made indirectly by

the reduction in the quantity of material required for back-

filling. Practically all of the subgrade was rolled after

the rough grading was completed and many of the fills

were rolled while being made. The stakes to which the

side forms were set were utilized for fine grading. In

fact, much of the fine grading was done after the side

forms were in place. The Commission's industri.-d rail-

way track added somewhat to the difficulty of fine grading.

This work cannot be too carefully done, for not only does

an even subgrade greatly reduce the danger of cracks

but it insures the proper thickness of concrete at all times
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Industrial Railway. Buckeye Ditcher Used to I)ij* Ditch lor Tile Drain
Adjacent to Sidewalk.

and prevents unnecessary waste of concrete. In all cases
the subgrade was c:irefiilly rolled just previous to the

depositing^ of coarse and fine aggregate for the concrete.

Yards, Transportation Plant, Etc.—The original plan

required three material yards at Port Credit, Oakville and
Burlington respectively. Unforeseen difficulties and delays

prevented the carrying out of this scheme, and yards

were actually located at Waterdown, Oakville and Port

Credit. An additional yard will likely be required for the

work in York County. Existing sidings on the Hamilton
Radial Railway at Port Nelson and on the (irand Tnmk
Railway at Gooderham Siding, near Clarkson's, were
utilized. The sand and stone for the portion of the spur

line east of the Grand Trunk Railway crossing was un-

loaded by hand nt Burlington Junction and hauled by

team. Practicallv all the sand and stone at \Vaterdown,

Oakville and Port Credit were unloaded by locomotive

cranes with clam-shell buckets and were hauled to the

roadway by the locomotives and dump cars on the narrow-

gauge track. The materials at Port Nelson were unloaded

by hand and hauled by dinkey and dump cars. The
materials at Gooderham Siding were unloaded by hand
into dump cars, but the dump cars were hauled on the

industrial railway by teams. Usually solid tr.iins of sand

or stone were hauled.

Where the concrete was i8 feet in width one dump of

sand and two of stone met the requirements exactly. The
track was first laid to the north of the centre line of the

highway, one dump of sand and one of stone made ; the

track then shifted to the top of the stone pile and the

second dump of stone made. As a rule, the cement was
delivered after the track had been shifted to the top of

the row of stone.

In addition to any economy that industrial railways

may effect in actual transportation they are desirable be-

Finishing Pavement from Steel Bridge

—

Span. 50 ft.

I'inishing Pavement from Bridge—Span, IS ft.

Steel Forms and Form Set-up to Support Felt

Expansion Joint.
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cause they avoid any necessity for disturbing the subgrade

after it has been prepared for the concrete.

For a limited period three mixers were supplied from

the Oakville yard. Two locomotives were used and the

outfits worked double shifts. Tin- sand and stone were

shovelled from the subgrade into wheelbarrows and

dumped into the skip of the mixer.

Most of the water required was pumped from Lake

Ontario and distributed through a two-inch pipe line.

Steel side forms have been used for practically all of

the work so far except for the special work in Oakville.

They have proven very satisfactory.

Proportioning has been done by wheelbarrow mea-

surement, a wheelbarrow load having been established by

measuring boxes. The concrete remained in the drum for

at least 45 seconds and was deposited on the subgrade by

means of a boom and bucket. Leveleis with spades and

hoes distributed the concrete. A strike-board resting on

the side forms was used to secure the proper crown and

two men working from a bridge finished the surface with

wooden floats. The finishers also rounded off the edges

of the roadwav with edging tools and were responsible

WATER DISINFECTION IN CANADA AND THE
UNITED STATES.

Austin Mixers Working Side by Side on Main Street,

Oakville. Roadway, 50 ft. Wide. Full Width
of Pavement Carried Forward at Once.

for the workmanship at the joints. The joints were made
of felt and were placed every 35 feet. The felt was held

against a joint-board with pins until concrete had been

placed on both sides of the joint. The board was then re-

moved carefully so that the joint remained perpendicular,

the felt extending above the surface of the concrete. A
special tamper was used to consolidate the concrete. .\

divided float prevented one side of the joint from being

left higher than the other. The fresh concrete was pro-

tected by means of tarpaulins just as soon as the floating

was completed. On the following morning the tarpaulins

were removed and an earth covering at least two inches

in thickness applied. The earth was kept damp by fre-

quent sprinkling for at least ten days. The road was not

opened for traffic until the concrete was at least 21 days

old. The joint material was cut off flush with the finished

surface by means of a sharpened spade.

The earth covering provided part of the shoulder

material, the remainder coming from the ditches.

(In concluding, Mr. Van Scoyoc observed that if no

unforeseen difficulties arise construction work should be

completed this summer.)

1909,



:8., THE CANADIAN ENGINEER Voluiiu- 30.

'Ihe iiifornialion ;il hand indicalis lliat llu' 00m-
moncsi construclion of tanks for liypocliloiile is concrete.

Some 67% of the replies slated that lluy had either con-

crete tani<s or tani<s of wood or iron rehncd with concrete.

Sonietliing more tlian 20% are of wood witlioul hning.

The balance are either wood with lead lining, wood or iron

with some protective or acid-resisting paint, or porcelain

lining. The liquid chlorine is universally contained in

special iron cylinders.

The piping seems in general to have been put together

of the materials most easily available, without regard to

corrosion. Fifty-six per cent, of the replies indicate the

use of iron pipe, cither block or galvanized, 15% use lead

pipe and about an equal number use brass. A few use

lead-lined iron pipe, cast iron pipe, hard rubber, rubber

hose, bronze or copper pipe.

The same comments apply to the kind of valves and

fittings commonly used. Sixty-six per cent, of these are

of brass such as are usually found in stock. Some 14%
state that bronze valves and fixures are used, but it is

possible that some, if not most of these, upon further in-

quiry, might prove to be brass. A few use iron valves

or fittings and a few have fixtures made of vulcanite,

rubber composition, lead, copper, glass, etc.

The materials commonly used which seem to have

shown the greatest resistance to the corrosive effects of

hypot;hlorite are concrete tanks, lead pipe and rubber

composition. Several of the answers indicate that copper,

cast iron and lead-lined iron pipes are used without cor-

rosion and a number indicate, too, that brass and gal-

\ anizcd iron are used without corrosion. The evidence as

to these two last materials, however, is contradictory, as

other answers indicate considerable corrosion with gal-

vanized iron and brass. It seems likely that the quality

of the material and some peculiar local conditions may,

perhaps, be determining factors in the corrosive effect

upon these two materials. The results show the unmis-

takable corrosive effect upon wrought iron and also

upon wood.

Evidence has been found in the past of occasional

large variations in the strength of commercial hypo-

chlorite. In answer to an inquiry on this point, only 29%
indicated that the strength of hypochlorite as purchased

had been determined. That this is a point of considerable

importance is indicated by the following figures :

The maximum percentage of available chlorine stated

Avas 42%. Nimnerous others ran as high as 39 or 40%.

The minimum stated was 15° I'ith several others less

than 20%. The average strength was 33%. In two cases

the maximum percentage strength noted is as large as 2 '-^

limes the minimum strength. These variations in quality

in the commercial hypochlorite are significant, and it is

obvious that the strength should be determined and a cor-

rection made in the application, if necessary, if the best

results are to b^ secured.

The low cost and the ease of application of disinfec-

tion to water supplies have caused its introduction in a

great many places where the records of mortality or mor-

bidity from such diseases as typhoid, which can be used as

indicators of the benefits derived, are already so low that

no striking improvement can be expected therein. In a

large percentage of the cases it seems clear that the appli-

cation was as a precautionary measure. This fact makes
it less easy than might be expected from the large number
of cities and towns making use of disinfection to present

statistics showing actual benefits resulting therefrom.

Among the large number of communities from which in-

formation was obtained, about 75"/, failed to indicate that

any improvement in typhoid or other health condition

had resulted. In some cases where there has been an
improvement it is dillicult or' impossible to discriminate

between the effects of disinfection and of filtration. Mr.
Longley summarizes a number of reports, however, to

show the improvements that resulted in various places.

Judging from the lack of information in response to

inquiries bearing upon the relation between the quantity

of hypochlorite required and the color or turbidity in the

water, it seems that a surprisingly small amount of atten-

tion is given in the various cities to following out this

relationship. A knowledge of this relation is of some im-

portance, as it iiitluences the quantity of hypochlorite that

is required for a given water, the quantity that may be

applied without producing objectionable tastes and the

economy of the treatment.

The reason for the lack of attention to this point

seems to lie in the fact that the cost of the hypochlorite

required for any water is trifling and it is not of great

importance just what quantity is applied, so long as it is

enough, on the one hand, to give good bacteriological

results, and, on the other hand, not so much as to pro-

duce objectionable tastes and odors.

The doses that fulfil these two conditions do not al-

ways coincide. The character of some waters is such that

the dose which can be applied without contributing objec-

tionable tastes and odors is more than enough to produce
the desired bacterial reduction. With such waters there

is no difficulty in regulating the dose to give satisfactory

results from every point of view. The character of other

waters is such that the maximum dose which can be used

without giving a taste is not enough to give the bacterial

reduction required. This is the difficult condition to meet,

and is found more frequently in raw waters than in

filtered waters.

It is everywhere recognized that there are certain

times when the hypochlorite treatment is less satisfactory

than at others. This is shown principally in the ap-

pearance of tastes and odors that occasion complaint

among consumers, or in a low and unsatisfactory removal

of bacteria by the treatment. It occurs generally at a

time when the turbidity or the color of the water increases

greatly, or some other marked change, such as tempera-

ture, occurs in the condition of the untreated water.

Different waters vary a good deal in this respect, and

but little information can be found which gives light upon
the specific reasons for this variation and permits the

formulation of general statements in regard to it.

An analysis of the figures at hand shows that in one

place a maximum dose as great as 37 pounds per million

gallons has not given rise to objectionable tastes or odors,

and in numerous places 20 to 30 pounds has not been

noticeable. The average amount stated for which no odor

or taste was noticed was about 14 pounds per million

gallons. The replies in which it was definitely stated

that no tastes or odors were noticeable included about

40% of the total. Among the others there were general

comments as to the occurrence of objectionable tastes or

odors, indicating in the main that they are likely to occur

with changes in the character of the water treated,

especially at times of storm or freshet.

So far as is indicated by the somewhat incomplete

data, the largest quantities of hypochlorite are used in

those supplies in which the color or turbidity of the water

are highest. Unfortimately, the information is not com-
plete enough to enable any relationship to be established

even in an approximate way between color, turbidity and
quantity of disinfecting agents that may be used without

objection.
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COUNTRY ROADS.

By W. Muir Edwards,
Professor of Civil and Municipal Engineeringf,

University of Alberta.

IN
dealing with country roads it might be well to first

point out that the use of material other than that

lound in the neighborhood is generally financially out

of the question. Whether it be loam, sand or clay

the local conditions must be dealt with and the road con-
structed of material at hand. In the second place, we
should emphasize the fact that, although there are loca-

tions in which physical difficulties may be met which are

hard to overcome, most country roads could be made
quite satisfactory by a moderate expenditure of labor and
oversight. Drainage, proper initial construction and con-
tinuous upkeep are the essential features.

In discussing road construction, too much importance
cannot be attached to proper drainage. As we travel the
country roads, possibly no feature is so noticeable as the
almost uniform practice of repeatedly filling in bad spots
which could be permanently cured by much less labor

devoted to proper drainage. In road construction we
deal with surface, side and subsoil drainage.

Surface drainage of the roadway is very important.

The most destructive agent which the road has to contend
with is water, if allowed to remain any length of time in

its neighborhood. If pooled on the roadway the top sur-

face is softened and under the action of the traffic the road
is rutted. These ruts hold more water and if conditions

are not speedily remedied the roadway goes from bad to

worse until it is almost impassible. Just here attention

might be called to the fact that the criterion of a good
road is not the possibility of finally passing over it with

a load, but rather that such a surface is maintained that

the motive power, be it oxen, horses or motors, shall give

a reasonable return on the capital it represents.

Surface drainage is accomplished by crowning the
road. The slope from the centre to the sides should be
varied to suit the material used. From one-half inch to

one inch of fall per foot of road width measured from the

centre will give satisfactory results. Too flat a crown
tends to poor drainage, whilst too steep a side slope may
rut the roadway and also' will encourage undue traffic on
the centre portion. This "tracking" of vehicles means
increased wear at one spot and is a frequent source of

destruction to the roadbed.

Having shed the water to the side of the roadway, it

is equally important that arrangements be made for the

satisfactory progress of this water in the roadside ditches.

Although the slope of these ditches may be fairly flat, the

water should flow to a definite outfall and so be carried

away from the neighborhood of the roadway. It might
seem quite unnecessary to emphasize such an obvious
matter as an outlet for the side ditches but, strange to say,

this feature is totally neglected in many pieces of road-

work. Due to the soakage of water from these blind

ditches into the body of the roadbed, bad spots are de-

veloped which last long into dry-weather periods.

Subsoil drainage is often necessary where the road
runs across low, wet land. If the surface of the subsoil

water can be lowered, a firm foundation for the roadbed
may be obtained. Drainage of this type is usually quite

expensive and in many cases may be classed with bridges
and other permanent provincial undertakings. Another
type of subsoil drainage is that of the roadbed itself. Tile

drains are placed on one or both sides of the roadway at

a depth of 2% to 3 feet below the surface. The moisture

in the roadbed is drawn off, thus increasing its bearing
power and lessening the effect of frost action. In the clay
soils so prevalent in the Province of Alberta this type of
work is of questionable utility. In sand roads it would
be distinctly harmful, since a sand road is the one excep-
tion to the general rule regarding drainage. The retention
of the moisture is the feature to be aimed at in the opera-
tion of such a road.

Initial construction and drainage are so closely con-
nected that a discussion of one must include the other.

Without, therefore, devoting any further space to the first

two essentials in road building, we might consider the
third, which applies more particularly to road operation.

Upkeep should be given equal prominence with drainage
in any roadway discussion. The filling-in rather than the
drainage of bad spots has already been commented upon
as the most noticeable feature of poor roadwork. This
should really be qualified and possibly the premier place

given to the practice of industriously grading a roadbed
and then cheerily leaving it to look after itself. Earth
roads especially need care if they are to remain in a satis-

factory condition. This care may be of the simplest kind,

consisting of the cleaning of roadside ditches and the

dragging of the roadway. This latter operation consists

of pulling over the road a drag which fills in the ruts,

smooths out the rfdges and recrowns the road by moving
material from the side to the centre. The drag itself is

extremely simple to construct. Any blacksmith shop or

well equipped farmer's workshop could turn one out for

not more than $15. The cost of the operation is also by

no means excessive. Owing to the character of the spring

and fall seasons in Alberta, and since no work is required

during the winter, an average of $10 per mile per year

should cover all that is necessary in dragging operations.

This is equivalent to a charge of $3.75 per quarter-section

for this part of road maintenance. Considering the saving

to the farmers in actual cost and the convenience and com-

fort to be derived from good road connections with the

nearest town and with the neighborhood generally, it

might well be considered that it is inertia and lack of

knowledge rather than the expense involved which pre-

vents the practice. In dragging lies the secret of the

proper maintenance of serviceable country roads.

The necessity for the proper placing and proportion-

ing of culverts might very well be dealt with, but space

permits only a reference to the matter.

Grading an earth road can be done for less than $150

per mile ; maintenance, including dragging, might be

placed at Si 5 per mile per year. It is quite possible that

additional expenses may be found to be justified in sur-

facing country roads with a judicious mixture of sand and

clay. The discussion of this might be left to be considered

in dealing with more expensive types of roadwork justified

in highwav construction, and will be dealt with later.

The United States Senate has before it the Shackleford

Bill, sent on by the House of Representatives, carrying an
appropriation of $25,000,000 to aid the states in improving
their public roads.

A convention of branch managers of the Trussed Con-
crete Steel Company was held on January 25th-28th, at

Voungstown, Ohio. Representatives attended from all over

Canada and the United States, and also from Japan, Hawaii,

South .\merica and Porto Rico. Among the papers and dis-

cussions were some on steel sash, reinforced concrete, shop
practice, engineering practice, commercial value of engineer-

ing seivice, experiences with reinforced concrete, metal lath,

concrete pavements, Kahn mesh reinforcement, history and
growth of the company, etc.
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MOW LONG WILL OUR TIMBER LAST?

By R. H. Caui|)bc-ll.

The question is frequently asked, "How long will the
present supply of commercial timber last in Canada?''
Estimates made have varied from 50 years to 300, depending
on the basis of the estimate. As a matter of fact, Canada
is not facing an immediate timber famine anid the existing
supply, if properly utilized, would last indefinitely.

The method of making these estimates shows their use-
lessness. If we assume that the present supply of material
is 600,000,000,000 feet of saw timber and the annual con-
sumption 5,000,000,000 feet, it is easy to see that the supply
will be exhausted in 120 years, providing that the supply is

not reduced except by regular lumbering, and that the
annual consumption remains unchanged. These are the
most important conditions, but the question also depends on
changes in prices, extent of importation and exportation of
lumber, use of substitutes and new uses of lumber itself.

It has been estimated that forest fires destroy more
lumber annually than is cut and sawn by lumbermen. This
is one of the most important variables in the equation. The
annual productioin of sawin lumber increased up to 19 12, then
decreased in 1913 and in 1914 has increased again. It would
be absurd to depend on this fluctuating factor in making
calculations to cover the next century or more. If the in-

crease in production of lumber were regular and equalled
200 milliom feet the supply would be exhausted in about
so years, instead of 120 years. As prices of certain classes
of lumber in Canada increase other cheaper woods are im-
ported from the United States. The present war and the
closing of the Baltic ports has created a demand for Cana-
dian timber in Great Britain and France hitherto supplied
by Russia and Sweden.

The use of metal and concrete in building construc-
tion, bridges, culverts, harbor works, etc., has reduced the
demand for wood for these purposes, but has increased the
demand for lumber for concrete forms, templets, foundry
boxes, patterns and wood used in connection with mining
and marketing metal products. The pulp industry which
consumed an equivalent to one billiom feet of lumber in

Canada in 19 14, is a mew industry, using wood to an extent
which could not have been foreseen 25 years ago. These
various considerations demomstrate the futility of estimating
the probable date at which our supply of lumber will have
been exhausted. While we should not sit back complacently
and say, "The supply is good for 300 years ; let posterity
look after itself," it is equally wrong to take the pessimistic
attitude that we are facing an immediate wood famine.

The available statistics concerning forest products
show the natural course of events. In January, 1900, the
price of "white pine, good sidings" in Ottawa was from
?33 to $38. The same material in 1914 was listed at $58
to $65. This is an increase of $26 per thousand in 14 years
or about $2 a year. This is the best grade of white pine

;

the average price of white pine lumber of all grades in 1908
was $20.03. The average pnce in 1913 was $20. 79, an in-
crease of only 76 cents in five years or an average increase of
15 cents a year. In the last five years the average price of

lumber has increased slightly compared to the increase in

the value of the best grades. This means that there has
been an increase in the production of the poorer grades of

lumber. Logs are sawn to-day and used in making boxes,
rough construction and other inferior uses that would have
never beeai cut under the wasteful logging- methods in vogue
20 years ago. This closer utilization, the use of inferior

lumber for inferior uses, is a form of conservation that tends
to postpone the final exhaustion of the lumber supply. It

is through such forms of conservation as these that we can
hope to postpone this exhaustion of supply indefinitely.

Forest fires destroy millions of dollars worth of stand-
ing timber annually ; they can be prevented by proper pre-
cautionary measures. Wasteful logging methods are rapidly
being superseded as the price of lumber increases. Closer
utilization of all material is a form of economy. The use of

substitutes wherever possible usually reduces the unneces-
sary consumption of wood. The use of inferior species or
trees which have been considered as weeds, for purposes to

which they can be adapted, reduces the consumption of

more valuable materials. Finally the planting up of waste
lands, burned-over or logged areas and all lands not fit for

agriculture, paves the way to intensive forest management,
when the forests of the country will yield an annual crop of
wood equal to the demands of the country for all time.

Canada has a great national heritage of timber resources.
The existing supply of commercial saw timber li(;s between
five and seven hundred billion feet, board measure,
and covers an area of approximately 170,000,000 acres,
the greater part of which is land unfit for agriculture,
but suitable for producing limber. There are over
150,000,000 acres of forest reserves in Canada, much
of which does not carry timber of commercial value
at present, but all of which is capable of producing valuable
forest products.

In 19 14, Canada's 2,843 active sawmills reported cutting
3,946,254,000 feet, board measure, of lumber valued at the
mill at $15.30 a thousand feet. Spruce, white pine and
Douglas fir together formed 72 per cent, of the total. Can-
ada's lumber production consists chiefly of soft woods or the
woods of conifrrous trees, the hardwoods forming less than

7 per cent, of the total. (In the United States the hardwoods
form over 20 per cent, of the lumber sawn.)

Canada produced in 1914, 2,196,884 cords of pulpwood.
valued at $14,770,358. Lumber and pulpwood are our most
valuable forest products, but the total, which includes fire-

wood, ties, poles, posts, piles, fence material, wood for dis-

tribution, tanning material, cooperage stock, and many other

miscellaneous products, is estimated at over $150,000,000.

RAILROAD EARNINGS.

The following is the weekly record of the transcontinental

railroads' gross earnings for January :

—

Canadian Pacific Railway
1916. 1915.

January 7 $1,874,000 $1,316,000 -J- $558,000
January 14 1,863,000 1,321,000 + 542,000

January 21 1,910,000 1,391,000 -t- 519,000

January 31 2,733,000 i, 880,000 + 853,000

Crani Trunk Railway
January 7 $ 880,702 $ 753,522 -h $137,180
January 14 966,301 779,745 + 186,556

January 21 980,914 795,830 + 185,084

January 31 1,459,499 1,091,716 + 367,783

Canadian Northern Railway
January 7 $ 541,100 $ 315,700 -f $225,400
January 14 469,300 349,300 + 120,000

January 21 504,000 322,600 -I- 181,400

January 31 572,400 451,800 + 120,600

The Canadian Pacific Railway statement of earnings and
operating expenses for the month of December shows an
increase in net earnings of $3,502,797, or 159 per cent., over
the corresponding period a year ago, total net being $5,-

702,321. Gross earnings were $12,705,673; working ex-

penses, $7,003,352. For six months ended December 31st
figures are: Gross earnings, $66,470,164; working expenses,

$36,845,977; net profits, $29,624,187. In December, 1914, net

profits were $2,199,524, and for the six months ended De-
cember 31st, 1914, $19,673,576.

The Canadian Northern December statement shows the
following figures :

—

1915. I9I4- Increase.
Gross earnings $3,435,600 $1,809,600 $1,626,000
Expenses 2,233,500 1,376,400 857,100
Net earnings 1,202,100 433,200 768,900
Mileage in operation.. 8,270 6,886 1,384

COBALT ORE SHIPMENTS.

The following are the shipments of ore, in pounds, from
Cobalt Station for the week ended February 4th, 1916:

—

Dominion Reduction Company. 88.000; La Rose Mines,
87,027; MrKinley-Darragh-Savage Mines, 170,126; Coniagas
Mines, 168,423. Total, 513,423 pounds, or 256.7 tons.

New Liskeard

—

Casey Cobalt Mine, 59.090 pounds.

The total shipments •since January ist, 1916, are now
3,888,662 pounds, or 1,444.3 tons.
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VALUE OF ONTARIO'S NICKEL

Bv T. W. Gibson.

Nickel is the distinctive metal of Ontario. Its property

of imparting great strength and toughness when alloyed with

steel was first made known by James Riley, of Glasgow, in

1889, and advantage was almost immediately taken of this

discovery in the manufacture of armor plate for battleships.

Its success in this field soon led to its introduction into other

departments of war equipment. Other metals there are, such

as tungsten, vanadium and molybdenum, which form satis-

factory alloys with steel, but all of them are rare, and more
expensive than nickel. It would seem that no other element

possesses all the qualifications for the manufacture of

special steels, intended for military and naval use, in so high

a degree as nickel. It is, therefore, not to be wondered at

that from the very beginning of the present great war the

abundant supplies of nickel in Ontario were regarded as of

great, and indeed Imperial importance, since they conferred

so marked an advantage on the arms of Britain and her

Allies.

No doubt Germany had laid up stores of the metal in

anticipation of the present conflict, but when these were
exhausted there was little chance of replenishing her supply,

since her native sources of nickel and those of Europe gen-
erally are few, and yield but scantily. Notwithstanding Ger-
many's need for nickel, it may here be said that the fears

expressed in some quarters that she might obtain supplies

from Ontario during the war were, and are, entirely un-

founded.
But while present conditions bring into prominence the

usefulness of- nickel for purposes of war, in normal times

of peace its properties render it no less serviceable. Wherever
strength and lightness are required in steel construction

nickel is almost indispensable. It has come largely into use

in the manufacture of automobiles, bicycles, marine boilers,

propeller-shafts and other articles where a maximum of

strength and a minimum of weight are desirable. A strik-

ing example of its use is in the new Quebec railway bridge
across the St. Lawrence River. The old bridge was too

heavy;- that is to say, it would have been all right had it

been possible to get it into place, but the completed struc-

ture succumbed to the strain imposed by its own weight.

The admixture of nickel in the steel of the new bridge will

at once add to its strength and, by reducing the weight of

its parts, lessen the strain.

Nickel is very little susceptible to corrosion, and a mix-
ture or alloy of nickel and copper, in practically the same
proportions in which these substances occur in the ore, named
monel metal, has been found very serviceable when called

upon to resist such agencies as sulphuric or other acids,

which quickly eat away ordinary iron or steel. Many other

uses for nickel might be mentioned, such as for plating

metallic objects, making Britannia metal or German silver,

for coinage, etc.

There are two kinds of nickel ore found in Ontario

:

(i) the nickel-copper ores of the Sudbur>' district, which
arc essentially pyrrhotites, carrying chalcopyrite and pent-

landite, and (2) the cobalt-nickel arsenides of the Cobalt
region are described by A. P. Coleman as occurring in con-

these sources is of comparatively little importance com-
mercially, though it may be mentioned in passing that the

first refined nickel produced in Ontario came from the ores

of Cobalt. Geologically, the ore bodies of the Sudbury
region, whose chief value is in their silver. The second of

nection with "a single ?reat sheet of eruptive rock, roughly
boat-shaped, with a blunt bow to the south-west and a square
stern to the north-east." Only the upturned edges of the

sheet are exposed, and on the outer edge of this sheet are

found the ore masses, which are lenticular in character.

A considerable number ot mines have been opened since

the discoveries were made in 1883, and the ores, though
of the same general character, vary somewhat in their

metallic contents. The great Creighton mine of the Cana-
dian Copper Company is one of the largest and richest of

the mines. It carries about 2 per cent, of copper and 5 per
cent, of nickel. The Crean Hill in 1907 averaged 4.84 per
cent, of copper and 2.35 per cent, of nickel. No. 2, or

Copper ClifF, produced more than a million tons of ore, con-
taining 3.55 per cent, nickel and 3.3 per cent, of copper.

The ore of the Evans mine ran about 3 per cent, nickel and
2.66 per cent, copper. Frood is an immense body of some-
what low--grade ore, running about 2.66 per cent, nickel and

1.39 per cent, of copper. The Stobie was also low-grade,
and carried 2.13 per cent, nickel and 1.38 copper. The
Murray, when worked, produced ore containing about 2.25
per cent, of nickel. Victoria, Blczard, Garson, Elsie, Ger-
trude, Levack, and numerous other deposits have all con-
tributed to the output of the region. Whistle, Blue Lake
and other deposits on the northern range have not yet begun
production. Diamond drilling, during recent years, has
greatly increased the known reserves of ore ; this is true -

particularly of the Creighton, Frood, Murray and Levack
mines, where many millions of tons of ore have been proven
to exist.

The nickel-copper industry is expanding rapidly. The
output of nickel in igio was 18,636 tons, and of copper 9,630
tons; in 1914, notwithstanding the outbreak of the war and
the consequent disturbance of the industry, the product
amounted to 22,750 tons of nickel and 14,448 tons of copper.
For the first nine months of 1915 the yield was 24,054 tons
of nickel and 14,057 tons of copper, and, if maintained at

the same rate, the production for the full twelve months will

be not less than 32,000 tons of nickel and 18,750 tons of
copper. Even at the low valuation placed by the companies
on the nickel and copper contents of the matte, the value
of the nickel output of 191 5 will be $6,400,000 and of the
copper $2,600,000, or $9,000,000 in all. .^.t the present price

of the refined metals these figures would be increased to 20
or 25 millions and 7K millions, respectively.

The processes employed in mining and treating the

ores are well known. After being raised to the surface the

ore is crushed and sorted, being afterwards roasted in heaps
in the open air to expel the sulphur. It is then smelted in

a blast furnace to a low-grade matte, which is immediately
converted into a Bessemer matte carrying 75 or 80 per cent,

of the metals, say, 50 per cent, nickel and 25 per cent, copper
in the case of the Canadian Copper Company, and 40 per

cent, each of nickel and copper in that of the Mond Nickel

Company. The matte is subsequently exported to Constable
Hook. N.J., and Clydach, Wales, respectively, for the final

separation of the metals. The refining process employed by
the Canadian Copper Company produces refined nickel and
blister copper, which undergoes still further treatment before

becoming pure metal. In the Mond Company's works the

nickel carbonyl method gives pure nickel, while the copper
is recovered as copper sulphate, which is in demand in the

vine-growing countries of Europe as a safeguard against the

phylloxera pest. The two companies mentioned are the only

producers of ore, with the exception of the Alexo Company,
which operates a comparatively small deposit in Dundonald
township, on the Porcupine branch of the Timiskaming and
Northern Ontario Railway. The significance of this ore

body, which much resembles those of Sudbury, consists in

its geographical position, being remote from the better-

know-n deposits.

CANADIAN GOVERNMENT RAILWAY
EXPENDITURES.

The Dominion government's expenditures on railways

to the end of the last fiscal year was $648,075,427 and on

canals $150,205,770. The revenues from railways and canals

since Confederation were $222,183,757.

The annual report of the department of railways and

canals shows the total expenditure on the National Trans-

continental Railway for construction is $157,802,745.

The total expenditure on the Grand Trunk Pacific moun-
tain section approved and certified up to the end of March,

1915, is given as $87,119,153, while $15,556,482 was spent

on the prairie section up to the end of October, 1907, no

further certificates having been issued for this section.

The total railway expenditure during the fiscal year to

March 31st, 1915, was $42,747,532, including the outlay on

the Quebec Bridge construction. This total includes $18,-

lOi.Sog on the Intercolonial Railway, $1,168,757 on the

Prince Edward Island Railway, and $10,071,479 on the Na-
tional Transcontinental Railway.

The canal expenditure amounted to $7,314,131. The total

outlay for the year on railways and canals was $50,063,988.

The revenue derived from government railways and canals

was $12,577,120, including $12,149,357 from railways and

$427,763 from canals.

The operation of the Intercolonial Railwav for the year

resulted in a profit of $42,965 on total earnings of

$11,444,873.
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CONCRETE PIPE TUNNEL, N.T.R.. QUEBEC.

By C. V. Johnson, A.M. Can. Soc. C.E.,

Chief linginecr to Joseph Gosselin, Engineering
Contractors, Quebec.

^'^'h-

THIiRE has been considerable discussion, at various

limes, as to the safety of erecting concrete struc-

tures in freezing weather. It seems to be gen-
erally recognized at the present time that there

is little or no danger in pouring large masses of con-
crete in cold weather, such as is experienced in this

country, provided proper precautions are taken to have
the materials well heated and the work protected from
the cold in so far as existing conditions will permit.

. On the other hand,
->H8Kr if^ many engineers and
V—'—

•^-f-''
—-^

—

'—5- architects look with

disapproval on the

practice of pouring
thin walls or slabs

during the winter

months, and probably
with some reason, as

more care must be

taken, in order to en-

sure a good job, than

is, perhaps, consistent

with many contrac-

tors' ideas of allow-

able expenditure.

It is not, how-
ever, the intention of
this article to enter
into a discussion of
this question, but
merely to place before
the profession an in-

stance which tends to
show that, with pro-
per care, thin work
may be carried on
with equal safety to
mass work.

The work in ques-
tion is a concrete
pipe tunnel, partly re-

inforced, which was
constructed in the
yard of the Nation-

Fig- 1. al Transcontinental
Typical Sections of Pipe Tunnel. Shops at Quebec. The

concreting of this tun-
nel was commenced on the 20th February, 1915, and
carried on almost continuously imtil the end of April,
during which period the mercury dropped considerably
below zero at various times. No concreting, however,
was done at a lower temperature than 10 deg. above
zero, although on one day, during the construction of
the reinforced top, owing to a very sudden drop in tem-
perature, the mercury had reached 5 deg. below zero
before the concrete was 12 hours old. No ill effects
developed from this as ample precaution was taken, by
means of sacks and planks, to protect the finished work.

This tunnel, as shown by the accompanying sections
(I^'g- 1). 'S of thin construction throughout, the walls
at no point exceeding 12 in. in thickness, and the floor
and top being a 6-in. slab, reinforced with >^-in. square

bars, placed 12 in., c. to c, both ways. The total

length is approximately 850 feet, and the sections vary
slightly according to the depth required.

The transportation of llic cone rele lo ihc forms was
accomplished by means of barrows, the longest haul

being about 300 ft. Two Jj-yd. Smith mixers were placed
at the most convenient points, together with separate
boilers to supply steam for heating the materials to be
empk)\od. In prep;iring the site for the reception of

the sand and stone, a line of i-in. steam piping with
half a dozen branches of varying length and with open
ends, was placed on the ground at each point where it

was intended to pile the sand and stone and the materials

dumped over these pipes. In this way it was only neces-

sary to connect up the mains from the boilers, with the

ends of pipe projecting from the piles, and turn on the

steam, thus ensuring a continuous supply of well-heated

Fig. 2.—General View. Showing 550 ft. of Trench with

Outside Form in Place—(Walls in Background
are Ready for Pouring.)

sand and stone. A branch steam line was also run to

the tank from w^hich the water was supplied to the mixer

and the water kept heated. Many authorities claim that

it is unnecessary to heat the water if the sand and stone

are also heated, but at any rate it accomplishes the pur-

pose of doing away with the inconvenience of ice forming
on the tanks and pails, and the small amount of extra

steam required is of no consequence.

Each night, on completion of a portion or section,

of the top of the tunnel, care was taken to protect the

finished work with ,1 double layer one i-in. boards and
empty sacks, these being left in place for a period of

48 hours at least. The walls were protected by filling

the space between the forms and the side of the trench

with snow.
(Conliuncd oti -paf^e 20-^.)
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DESIGN OF LATTICE BARS.

The determination of a supposedly indeterminable

formula naturally always awakens interest among en-

gineers. Upon consulting the various authorities upon
structural steel design, one finds that they all agree

that the only formula obtainable for calculating stresses

in lattice bars of channel columns are empirical and ap-

proximate. The Canadian Engineer has great pleasure

in presenting this week an article by the city architect of

Toronto, who gives a theoretical formula from which re-

sults are obtained that agree remarkably well with the

few tests that have been made.

Mr. Pearse has decided, after years of work, that

this formula is correct and practical. He has not only

derived the formula, but he has also put it upon a work-

ing basis by compiling a table which will be of great con-

venience to structural detailers.

Mr. Pearse's name is not an unfamiliar one to steel

men, as he has been the author of a number of valuable

articles, including one published about two years ago on

buckling in the webs of beams. In another article he

derived the approximate formula for stresses in lattice

bars which has been in most general use during the past

nine years.

The new formula is based upon the idea that if the

stress in the centre of the column be know n, and if a curve

be plotted that conforms to the shape that the column
takes when bending, and if the centre ordinate be made
equal to the stress at the centre of the column, then the

stress at any other point in the column must be equal to

the ordinate of the curve at the point taken.

It is proven that the curve will be sinusoid. A prac-

tical demonstration of this is to take a very thin piece of

wood and press upon it at both ends. The strip will then

take the form of a sinusoid. This method might be an
easy way of plotting the curve after the centre ordinate

is known.

It would seem that the formula derived by Mr. Pearse
is a distinct advance in the theory of structural engineer-
ing, and unless disproven in some way, which is unlikely,

it will undoubtedly be used hereafter in the design of all

built-up columns.

ICE CONDITIONS IN HUDSON BAY AND STRAIT.

According to the report of F. Anderson, officer in

charge of the Hudson Bay survey, the entrance to Hudson
Strait is blocked more or less from the last week in

November to the first week in January, due to the .A.rctic

current carrying great masses of field ice and icebergs
along the east shore of Baffin Land, across the entrance
to the strait. The Acadia was held up off Cape Chidley
from July 19th to 30th by ice packs. On the 31st a gale
from the northwest opened out the pack and improved
conditions. It would have been possible for the ship to

proceed through the strait and enter Hudson Bay at this

stage without any more difficulty or damage than would
result from remaining in this locality, but as considerable

work was to be done in the \icinily of the Button Islands,

the ship remained.

In attempting to make the Buttons, it was found that

the passage to the anchorage was completely cut off by
ice and the ship was caught in heavy tide rips and hem-
med in ; thus it was clearly demonstrated that ships trying

to make the strait should give the Buttons a wide berth.

On the north side of the entrance, however, about
Resolution Island, the tidal currents were found just as

strong, but the ice appeared to be much lighter.

After doing some survey work on the north side of

the entrance, a course was laid for the Button Islands,

which were reached with little difficulty. Considerable
exploration work was done in the strait and the ship

proceeded to Port Nelson, which was reached September
r3th. After making surveys in the bay, the ship cleared
Port Nelson on October 8th. On the 14th she was held
up by an ice pack which, however, opened out next morn-
ing when the tide changed. Although the Acadia was
able to get through this ice without injury, it would have
been quite difficult for an ordinary freighter to have
done so.

It will be seen from the above abstract of Mr.
Anderson's report that he has not made any derogatory
statements as to the navigability of the strait, such as he
is alleged to have made by certain prejudiced persons who
have abstracted isolated paragraphs from his report which
:ire at variance with his deliberately expressed opinion in

a previous supplement issued before leaving on his last
trip to Hudson Bay. Mr. Anderson then stated that "the
period during which properly constructed vessels could
enter Hudson Strait with comparative safety may be taken
frorn July 15th to November 15th, with a slight extension
at either end, according to the season," which statement
was made from observations based on his years of ex-
perience and not on this one trip. It is hardly likely Mr.
Anderson would allow the difficulties of one season to
change his deliberately expressed opinion.

LETTER TO THE EDITOR.

Oil Tar Creosotes.

Sir,

—

I have noted with interest the editorial com-
ment in your issue of December 30th, 191 5, with reference
to oil tar and coal tar creosotes. Apart from the discus-
sion of the relative value of these products for various
uses in the preservative treatment of wood, the following
information regarding methods of analysis and dis-

tinguishing tests may be of interest to engineers, in-

spectors and chemists who are responsible for the inter-

pretation and enforcement of specifications covering the
purchase of creosote or creosoted material.

There are certain fairly constant differences in the
composition of these products which' serve as a basis for

distinction by means of chemical and physical tests as

indicated below. Typical coal tar creosote is composed
almost entirely of the aromatic series, including a pro-

portion of tar acids—phenols and cresols. Typical water
gas tar, which is the most important of commercial oil



ago THE CANADIAN ENGINEER VolllIlK 30.

tars, contains a proportion of iindccomposed paraflin oils

and is lacking in tar acids.

Fractional distillation of co:il tar creosote and water
gas tar oil may iji\e very similar results, but it is generally

possible to identify the orif^in of such oils by a closer ex-

amination of the composition and physical properties of

the various fractions so obtained. Differences in specific

gravity and refractive index are the most reliable of the

distinguishing physical characteristics. Fractions dis-

tilled from coal tar creosote have higher specific gravity
than fractions of water gas tar oil distilled between the

same temperature limits, and similarly the indices of re-

fraction of the former are higher than those of the latter

fractions. The melting point of the higher boiling frac-

tions—those distilled above 320° C.—is also of value as
a means of distinguishing between the two products. Oil

tar fractions distilled above 320° C. are liquid at 60° C.
while corresponding coal tar fractions are rarely liquid at

this temperature. Other characteristic physical properties

which may serve as a supplement to the more definite tests

noted above are the odor and color of the oil fractions.

Water gas tar has a particularly disagreeable char-

acteristic odor which can generally be recognized.

The detection of paraffin oils by sulphonation test is

probably the most conclusive chemical test for the dis-

tinction between coal tar and oil tar products. Hydro-
carbons of the aromatic series are converted into soluble

sulphonic acids by treatment with concentrated sulphuric

acid, and the imdissolved residue—paraffin oils—deter-

mined by separation. This test is usuallv made on the

fraction distilling between 305° C. and 320° C. A positive

result. I.e., a residue of undissolved oils, indicates oil tar

origin. The determination of tar acids by hot alkaline ex-

traction is also of value in identifying a creosote sample.

Deficiency in compounds of these series indicates that the

oil is an oil tar product. However, this test is, perhaps,

not so conclusive as the sulphonation test.

The distinguishing tests.above described apply to typi-

cal commercial oils, but it should be remembered that low
coking temperatures, as in certain types of bituminous
gas producers or where bituminous coal is used as a blast

furnace fuel, yield tars from which creosotes may be dis-

tilled which will be verv similar to water gas tar oil. Coal
tars of this class are, however, of very limited production

in .'America. It must also be noted that the certain detec-

tion of oil tar in mixture with coal tar creosote is not
always possible, and in cases where the results of fore-

going tests suggest the presence of oil tar products, it

may be necessary to investigate the history of the sample
for conclusive information.

Detailed methods for the laboratory examination of

commercial creosotes are outlined in "Preservation of

Structural Timber/' H. F. Weis^ (McGraw-Hill Book
Co.), or in publications of the United States Forest -Service

as noted below. Complete laboratory examination in-

cludes determination of specific gravity of the whole
sample, fractional distillation, determination of specific

gravities and refractive indices of the fractions distilling

between 235° C. and 305° C, sulphonation test of fraction

obtained between 305° C. and 320° C. , and determination

of tar acids and water.

In the following quotations, all temperatures refer to

Centigrade scale.

•Specific gravity of the whole oil.—The perfectly liquefied
oil is poured into a hydrometer cylinder, and, at a temperature
of 60°, the specific gravity is read with hydrometer
standardized apr-Tinst water at 60°.

_
•Fractional distillation.—The Hompol distilling flask of

resistance pl.Tss is employed. The empty flask is tared, 250

grams of molted, well-shaken oil introduced, the platinum-wire
plug and the glass beads put in place, and a second weight
taken. The thcrmonieler is then inserted in the flask, so that

the first emergent reading is 200°. The flask is supported on
an asbestos board with a slightly irregular opcnnig of very
nearly the largest diameter of the Hask. A condensing
tube is employed and the fractions are collected in

tared flasks. The distillation is run at the rate of 1

drop per second, and fractions collected between the follow-

ing temperatures: Up to 170°, i70°-2os°, 205°-225°, 225°-235°,

235"-245°. 24S°-25S°. 255°-285°, 285°-295°, 295°-305°, 3O5°-320°.
and if feasible 32o°-36o°.

The character of the fractions and their weights are
recorded and the results plotted as a curve, in which the
ordinates are percentages by weight and the abscissae tem-
peratures. When the distillation has reached the 225° point,

an asbestos-board box should be placed around the distilling

flask, to cover the bulb, but leave the llempel column ex-

posed. Drafts upon the distilling apparatus must be avoided.

'Index of Refraction.—The indices of refraction of the dif-

ferent fractions between 235° and 305° arc determined at 60°
in a refractometer with light compensation. The results are
plotted with temperatures as abscissae and indices of refrac-
tion as ordinates.

•Specific Gravity.—The specific gravities of the fractions
between 235° and 305° are determined by means of specific-

gravity bottles. These bottles are filled at 60° and the weights
referred to water at the same temperature. The results are
plotted as a curve, in which the ordinates are specific gravities
at 60°, and the abscissae temperatures.

*Tar Acids.—Fifty cubic centimeters of the creosote under
analysis are measured at 60° into a small distilling flask by a
pipette. The oil is distilled as completely as possible with-
out breaking the distilling bulb, and the distillate is caught in

a short-stemmed, 100 cubic centimeter separating funnel. At
the end of the distillation 25 cubic centimeters of boiling hot
IS per cent, sodium hydroxide is added to the distillate and
the mixture thoroughly shaken. The alkaline extract is then
drawn off into a 100 cubic centimeter shaking cylinder and 25
cubic centimeters more of hot sodium hydroxide added, .\fter

extracting with this second portion for five minutes, with
frequent shaking, the solutions are allowed to separate and
the alkaline extract added to the first portion in the cylinder.

A third extraction is made with 15 cubic centimeters of alkali.

The total alkaline extract is cooled, acidified with sulphuric
acid, thoroughly shaken, brought to 60°, and the volume of

supernatant oil read off.

•Water.—.^fter weighing the first two fractions of a
fractional distillation they are united in a small separa-

tory funnel, and any water which is present is separated from
the oil and its amount accurately determined. If particular

accuracy is required in the estimation of the water it may be
done by the Marcusson xylol distillation method.

fSulphonation Test.—Ten cubic centimeters of the fraction

of creosote to be tested are measured into a Babcock milk bottle.

To this is added 40 cubic centimeters of 37 times normal acid,

10 cubic centimeters at a time. The bottle with its contents
is shaken for two minutes after each addition of 10 cubic
centimeters of acid. .^Vfter all the acid has been added the

bottle is kept at a constant temperature of from g8° to 100° C.

for one hour, during which time it is shaken vigorously every
10 minutes. .\t the end of an hour the bottle is removed,
cooled, and filled to the top of the graduation with ordinary
sulphuric acid, and then whirled for five minutes in a Bab-
cock separator. The unsulphonated residue is then read off

from the graduations. The reading multiplied by 2 gives per

cent, by volume directly. (Each graduation equals one two-
hundredths of a cubic centimeter.)

•United States Forest Service Circular iii, "The Analysis and Grading
of Creosote," A. L. Dean and Ernest Bateman. Also reproduced in United
States Forest Service Circular 206, "Commercial Creosotes," Carlile P.

Winslow ; and in "Preservation of Structural Timber," H. F. Weiss (Mc-
Graw Hill Book Co.)

tUnited States Forest Service Circular jgi, "Modification of the Sulphon-
ation Test for Creosote," E. Bateman. Also reproduced in "Preservation of

Structur.il TimV-cr." H. F. Weiss.

JOHN S. B.-VTES, Chem.E., Ph.D.,

Superintendent, Forest Products Laboratories of Canada,

Forestry Branch, Dept. of the Interior, Canada.

Montreal, February qth, tqi6.
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BOOK REVIEWS.

Mechanical Technology. Bv Prof. G. F. Charnock,

M.I. C.I:;., .M.I.M.E. Published by Constable &
Company, London. 635 pages

; 503 illustrations
;

6x9 ins.; cloth. Price, $2.00, (Reviewed by A.

J. MacDougall, mechanical engineer, Toronto

Power Co.)

This book deals principally with the mechanical pro-

cesses in refining and preparing metals for use in the arts.

The chemical and thermochemical changes, however, are

not taken up. The book is divided into three parts : the

production and properties of materials of construction, the

processes depending on fusion, and the processes depend-

ing on ductility.

The beginning of the first part is given up to the

physical properties of materials—tenacity, elasticity, hard-

ness, toughness, malleability and ductility.

There is an error at the beginning of this chapter.

The statement is made on page 4 that water has the

greatest specific heat of any known substance. The
specific heat of liquid hydrogen is six times and of gaseous

hydrogen 3.4 times that of water.

In Chapter 3 there is described the smelting of iron

from its ores in blast furnaces. The accessories are given

the hot blast stoves, blowing engines, hoisting skips and

air gas mains. The properties of pig iron are stated in

Chapter 4. Then follow in order, with plans and illustra-

tions, to Chapter 10, the production of wrought iron,

classification of steel, the manufacture of steel by the

crucible, the Bessemer, the open-hearth, and the electro-

thermic processes.

The author then takes up in a scientific manner a sub-

ject in which there have been great advances in the last

few years—alloys and the heat treatment of steel. Credit

is given to the late Sir W. C. Roberts Austen for the dis-

covery of physical changes in formation of alloys at

various temperatures and the practical heat treatments

developed therefrom. Non-ferrous metals and the methods
of refining are briefly described in Chapter 13. The
metals described are copper, tin, zinc, lead, aluminum,
antimony and nickel. Their alloys are given in Chapters

14, 15 and 16. In Chapters 17 and 18 are given the pro-

perties and uses of timber and building stones. These
chapters describe timbers and building stones in use in

Great Britain and therefore lack in value for Canadian
conditions.

The author describes in Chapter 19 oils and lubricants,

their properties and specifications for various uses. He
has neglected to give any statement about the effect of an

emulsifying oil and a lest of the oil for emulsification.

Leather, rubber and cotton and their use as belting

with methods of manufacture are given in Chapter 20.

Part II., comprising Chapters 21 to 30, takes up the

moulding of fused metals. Starting with advice as to

design and form of patterns to avoid defects in castings,

the author proceeds to describe methods of moulding and

then gives advice as to the foundry and its equipment,

devotes a chapter to steel casting, and finishes this part

of the book with defects in castings and machine

moulding.

In Part III., Chapter 30 to the end of the book, there

are taken up forging and working metals, ductile, plastic,

and malleable, at ordinary or high temperatures. .Mter

describing the tools and machines required in forge and

smithy the author gives in Chapter 30 a classification of

operations in forging, and illustrates with examples, and

then devotes a chapter to each to describe manufacturing

processes, utilizing the ductility of metals. The processes

are drop forging, wire drawing, flanging, coining, the

rolling mill, and the manufacture of tubes.

All the machines and processes in this book are well

described, and the book is valuable to the foundry man
and to the smith, to those who have to do with fused or

forged metals. But the book might be even more valu-

able. One would like to know the following about a

machine to make any product: the general design of the

machine, the process to make the product, the cost of

the machine, the power, and the labor required to operate

the machine. The cost, power, and labor are neglected

in this book and the book lacks in value to that extent.

American Sewerage Practice, Vol. 3—Disposal of Sewage.

By Leonard Metcalf and Harrison P. Eddy. Pub-

lished by McGraw-Hill Book Co., New York City.

First edition, 1915. 851 pages; 230 illustrations;

205 tables; 6x9 ins. ; cloth. Price, $6.00.

This is the third and final volume of an exhaustive

treatment of the subject of sewerage practice. Reviews

of the previously published volumes, i and 2, relating re-

spectively to the design and construction of sewers, have

already appeared in these pages. As in the previous in-

stances, the book under consideration is non-technical in

nature, but deals in a comprehensive way with sewage

and the changes which it undergoes when subjected to

different conditions. The book is undoubtedly intended

primarily for engineers connected with the design and

operation of sewage disposal plants, but it will be found

of great value by civil engineering students, sewerage

boards, public health oflficers and corporation lawyers.

The first six chapters have to do with sewage itself.

The progressive steps in sewage treatment are reviewed

in Chap^ 1. Significance of chemical analyses is con-

sidered in Chap. 2 ; bacteria and their relation to the

problem of sewage disposal. Chap. 3; microscopic or-

ganisms. Chap. 4 ; composition of sewage, Chap. 5

;

theories of sewage disposal and treatment. Chap. 6.

The remaining fourteen chapters deal with subjects of

particular interest to designing engineers and operators
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of disposal plants, an idea of the scope of this portion of

the work being obtained from the chapter headings which
are as follows : Sewage Disposal by Dilution ; Grit Cham-
bers ; Racks, Cages and Screens; Sedimentation, Strain-

ing and Aeration ; Tanks for Sludge Digestion ; Chemical
Precipitation ; Sludge ; Contact Beds ; Trickling Filters

;

Intermittent Sand Filtration ; Irrigation and the Agri-

cultural Utilization of Sewage and Sludge ; Automatic Ap-
paratus for Dosing ; Disinfection of Sewage and Sewage
Effluents; and Disposal of Residential and Institutional

Sewage.
Although the title confines the scope of the book to

sewerage practice on this side of the Atlantic, the authors
have provided a great deal of useful and important infor-

mation from European engineers as well. The book is

quite up-to-date in its information. In fact, the authors
lay claim to extensive revision and rewriting with this aim
in view. The duty of the engineer with respect to sewage
and sewerage work is clearly indicated to involve the care-

ful safeguarding of public health. Wise limits of expendi-
ture are advised, this being accomplished most effectually

by insisting that each undertaking shall be considered
upon its own conditions and that the trained specialist in

this branch of engineering shall be the judge of the sig-

nificance and applicability of experience gained with
sewage disposal works elsewhere. The danger of failure

resulting from copying plans is pointed out.

In addition to finding the book to be one of great
practical value for the subject matter contained therein,

the reader will note its completeness in the matter of the

selection and arrangement of illustrations. These com-
prise views of works and of apparatus. The line drawings
of plant arrangements, etc., conform, as do the other
physical features of the work, with those in the previous
volumes. Taken altogether, the engineer will not readily

find a more complete compendium of information regard-
ing sewerage practice in America than the three volumes
which the above authors have presented.

PUBLICATIONS RECEIVED.

Heat Transmission Through Boiler Tubes.—Tech-
nical paper No. 114, U.S. Bureau of Mines; 35 pages.

Ontario Bureau of Mines.—Twenty-fourth annual re-

port, containing 74 pages of information on the Porcupine
gold area. Illustrated and containing maps.

Tide Tables for Nelson, Hudson Bay.—An 8-page
pamphlet containing tidal data for Hudson Strait and
James Bay. Issued by the Tidal and Current Survey,
Department of Local Service, Ottawa.

University of Illinois.—Bulletin No. 83 of the en-
gineering experiment station, dealing with magnetic and
and other properties of iron-silicon alloys melted in vacuo.
Seventy pages, illustrated. Price, 35 cents.

Shot Firing in Coal Mines by Electricity Controlled
from Outside.—Technical paper No. 108, issued by the
U.S. Bureau of Mines; giving a description of systems in

use and suggesting certain improvements; 36 pages.

Mine Ventilation Stoppings.—Bulletin No. 99 U.S.
Bureau of Mines. A 30-page illustrated pamphlet very
completely describing the types of mine stoppings in use
in Illinois, giving costs of erecting and maintaining.

Water Power Branch.—Annual report. Part 8, 1914,
of the superintendent of water powers. Three hundred
pages, profusely illustrated, and with numerous maps
inset. Published by the Department of the Interior,
Ottawa.

Copper Deposits in Quebec.—A 290-page illustrated

report of liie Deparlmiiit of Colonization, Mines and
Fisheries, Quebec, prepared by J. A. Bancroft and relat-

ing to the copper deposits in the eastern townships of the

province.

Motors.—A paper on the single-phase, squirrel-cage

motor with large starting-torque and phase compensation.
By W. A. Fynn, Consulting Engineer, Wagner Electric

Manufacturing Co. Reprinted from the proceedings of

the A.I.E.E.

Hazards in Handling Gasoline.—Technical paper pre-

pared by Geo. A. Burrell, of U.S. Department of Mines,

outlining relation of properties of gasoline and vapor to

inflammability and presenting directions for extinguishing

burning fluids.

Gasoline Mine Locomotives.—Bulletin No. 74, U.S.

Bureau of Mines. A pamphlet describing the use of gaso-

line locomotives in mines and methods of diluting the

noxious gases, from the standpoint of safety and health.

Eighty-three pages, illustrated.

Production of Metals in Canada, 1914.—Advanced
chapter of annual report on mineral production of Canada,

1914, issued by Mines Branch, Department of Mines.

Relates to 1914 production of copper, gold, lead, nickel,

silver, zinc and other metals.

Mexpet Record.—A 16-page illustrated publication

describing tlie oil fields of the company in Mexico and the

various uses to which the oil may be put. Also containing

a diagram showing the comparative costs of coal and fuel

oil. Published by the Mexican Petroleum Corporation, 52
Broadway, New York.

Discovery of Phosphate of Lime in the Rocky Moun-
tains.—A 36-page illustrated Commission of Conservation
report, prepared by Frank D. Adams, D.S.C., and W.
J. Dick, M.S.C. , relating to the geology of these phos-

phate deposits and illustrated by maps, diagrams and
microphotographs.

Petroleum and Its Products.—Bulletin No. 9 of the

Kansas City Testing Laboratory. A 20-page pamphlet
summarizing the production and uses of petroleum, and
containing tables and other useful information for both

the refiner and consumer. Issued by the Kansas City

Testing Laboratory, 1013 Grand Avenue, Kansas City,

Missouri. Price, 25 cents.

CATALOGUES RECEIVED.

Johns°Manville Products.—An 80-page illustrated

catalogue describing the varied products of this company.
The H. W. Johns-Manville Co., Limited, Toronto.

Bosch & Lomb Optical Instruments.—This is an in-

teresting catalogue of 36 pages, describing various optical

applications for the microscopic examination and testing

of materials.

The Cement=Gun on the Elephant Butte Dam.—Re-
print of article by E. H. Baldwin, assistant chief of con-

struction in U.S. Reclammation Service, Denver, Col., on

waterproofing the upstream face of the Elephant Butte
Dam, New Mexico, by use of the Cement-Gun. Issued

gratuitously by The Cement-Gun Co., Inc., 30 Church
Street, New York.

Tiffin Flushers.—This is a twelve-page pamphlet con-

taining illustrated descriptions of the Tiffin flushers, show-
ing their new models of 1,000, 1,200, 1,400 and 1,500
gallons capacity. It gives specifications of the flushers

and also some data ronrerning the sprinkler portion of

them and should be of great interest to all those who have
to do with the maintenance of roads and pavements.
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COAST TO COAST |
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Winnipeg, Man.—A commission to inquire into

drainage questions has been practically promised by the

provincial government.
Kingston, Ont.—The Utilities Commission has offered

to supply the Street Railway Company with power for

ten years at 1.2 cents a kw. hour.

Vancouver, B.C.—It is expected that the new Kettle

Valley route over the Hope Mountains will be ready for

traffic when the C.P.R. puts the summer schedule into

effect on June ist.

New Westminster, B.C.—The Canadian Northern

Railway has recently acquired that section of the old

main line of the Great Northern Railway between Fraser

River bridge and Port Kells.

Victoria, B.C.—.'\lluding to certain criticisms of the

purchase of the Sooke watershed, Mr. Rust maintains

that the city will derive sufficient revenue from the sale

of the timber to more than cover the cost.

Toronto, Ont.—At the annual convention of the

Ontario Hydro-Electric Railways Association a resolu-

tion was passed calling upon the government to restrict

exportation of power to the United States.

Gait, Ont.—The new Lake Erie and Northern Elec-

tric Railway has commenced operating its line from Gait

to Brantford. The Port Dover line is complete except

for the overhead construction, which is under way.

Montreal, Que.—The Bell Telephone Company last

week successfully opened the Montreal-to-Vancouver

telephone line. This line is said to be the longest ear-

to-ear circuit in the world, extending for 4,227 miles.

Toronto, Ont.—The Toronto, Barrie and Orillia

Railway has applied to the government to be allowed to

proceed with the construction of its proposed line. The
company has already spent $55,000 on preliminary work.

Calgary, Alta.—City Engineer Craig is in favor of

waiting results of the activated sludge experiments be-

fore building a new sewage disposal system, which as

at present proposed, would cost in the neighborhood of

8400,000.

Winnipeg, Man. — According to Superintendent

Phillips, over $19,000,000 has been expended in bringing

the electric railway system up to its present standard.

The number of passengers carried during the last three

years averages 50,000,000.

Ottawa, Ont.—Hon. J. D. Hazen estimates that it

will cost probably $9,000,000 more to give the St. Law-
rence ship channel a width of a thousand feet and a

depth at low tide of 35 ft. from Montreal to Quebec. He
states that the work will take five years.

Windsor, Ont.—At a meeting of representatives of

the five border municipalities here it was decided to form

the Essex Utilities Commission to construct and mantain

sewer, water, light and power systems at Windsor,

Walkerville, Sandwich, Ford and Ojibway.

Berlin, Ont.—At a conference of municipal repre-

sentatives Sir .^dam Beck outlined a scheme for a hydro-

radial line from Elmira through Berlin to Gait and thence

to Hamilton and St. Catharines, with branch lines run-

ning to Guelph, Hespeler and Puslinch Lake.

Limoilou, Que.—Work has started on the construc-

tion of the cattle market for the Quebec Abattoir Co. at

Limoilou. Work will be done by day labor under the

superintendence of Jos. Gosselin, General Contractor.

Estimated cost, $35,000. H. Laberge, .'\rchitect.

Toronto, Ont.—The Toronto Suburban Railway has

asked the York County Council for an extension of

franchise to enable the company to connect the present

Dundas line with the Georgetown branch at a point near

the present terminus of the Dundas line at Lambton.

Calgary, Alta.—Superintendent Breen, of the water-
works department, informed the city commissioners that

the matter of water services freezing up was becoming
very serious. The cost of thawing out services during
this winter will likely be in the neighborhood of $50,000.

Loretteville, Que.—The grading of the St. Charles
and Huron River Railway, a branch of the C.N.R., from
Loretteville to Stoneham, Province of Quebec, has now
been completed. Track will be laid in the spring and
the road opened for traffic on June 15th. Jos. Gosselin,

peneral Contractor for grading. C. A. Newton, Resident
Engineer.

St. Catharines, Ont.—The Niagara, St. Catharines
and Toronto Railway have asked parliament to extend
the time allotted for finishing its railway from Fort Erie

to Niagara-on-the-Lake ; from St. Catharines to Ham-
ilton and Toronto, and from Port Colborne to Fort Erie,

but is partly to allow the Niagara, St. Catharines and
Toronto Railway time to purchase the Michigan Central
line from Fort Erie to Niagara-on-the-Lake.

St. Catharines, Ont.—Although the construction of

Sections i and 2 on the Welland Ship Canal are behind
on the schedule for their completion in the spring of

1917, Chief Engineer Weller states that now construc-
tion work is in full swing- they are gaining on their

schedule and will be ready for opening as intended. He
states, however, that it is practically impossible for

Section No. 3 to be completed before the spring of 1918,
owing to the large amount of concrete to be placed. He
recommends that contracts be let for Sections 4 and 8
as soon as possible.

Edmonton, Alta.—During 1915 three hundred and
twenty-six miles of new railway were constructed in the
province. With the exception of 22 miles built by the
C.P.R., the entire mileage was constructed with the aid

of government guarantees. The new mileage is credited

to the various lines, as follows: Canadian Pacific Railway,
22 miles; Canadian Northern Railway, 59 miles; E., D.
& B.C., 97 miles; A. & G. W., 100 miles; Central Canada
Raihvav, 48 miles.

Hamilton, Ont.—There will shortly be a mass meet-
ing of representatives of local municipalities to discuss
the hydro radial schemes. There is talk of a branch line

from the main radial between Toronto and London with
a junction at Port Credit. There is a likelihood of efforts

being made to purchase the electric line between Hamilton
and Oakville of the Dominion Power and Transmission
Co. From Hamilton the radial will proceed to Si.

Catharines and thence to the Niagara River. It is also

planned to build a line from Hamilton to Guelph.

Berlin, Ont.—To a large gathering of municipal re-

presentatives Sir Adam Beck recently outlined a proposi-

tion whereby existing branches of the G.T.R. and C.P.R.
may be used to better advantage and serve as feeders for

the main lines in this section of the province. Whereas
it will be impossible to construct hydro-radial branch lines

parallel to branches already in operation of steam rail-

ways, it will be possible to have these branches electrified

and to secure running rights over them. Sir Adam in-

stanced the G.T.R. branch from Berlin to Gait and from
Berlin to Elmira as well adapted for such use.
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Wimiipcji, Man.—Conccrnini; iliv ilisUiihancc. which
has arisen as a result of charges made by Mr. M. T.

Cantell against the engineers of the Greater Winnipeg
Water District, it is interesting to note that the Manitoba
Brancli of I lie Canadian Society of Civil Isngineers adopted

the following resolution at its recent meeting: "Whereas
certain articles have appeared in the Winnipeg public

press from time to time criticizing the engineers of the

Greater Winnipeg Water District, resolved that it be re-

corded that the Manitoba Branch of the Canadian Society

of Civil Engineers regrets that such criticism has been

made, and repudiates any responsibility for the same, and

that further, the secretary be instructed to so inform the

various newspapers of Winnipeg."

Toronto, Ont.— It was announced by Premier Hearst

last week that the provincial government, having before

it the general details of the proposed Niagara development

of the Hydro-Electric Power Commission, will submit

legislation authorizing such development. It is estimated

that within the next few years the Commission will require

an additional 100,000 h.p. If the expenditure is favorably

considered by the government, the Commission will

probably proceed with the installation of several large

units, probably 50,000 h.p. each, and by the time these are

in operation another set of similar capacity will likely be

necessary. The engineers of the Commission have in view

the ultimate development of 600,000 h.p. at the site pro-

posed. This large development will probably comprise

two plants of equal size, each of which will consist of

about six units of the extraordinarily large capacity men-

tioned above.

PERSONAL.

he has been attending the Annual Meeting of the Society.

About twenty members of the Society resident in Ed-
nionton were present at the dinner.

J. H. MEAD has been appointed president of the

Spanish River Pulp and Paper Co.

W. G. TRETHEWEV has been appointed resident

engineer of West Dome Consolidated.

A. J. CARROLL has been appointed district man-

ager of Eugene F. Phillips Electrical Works, Limited,

with office in Montreal.

E. W. Du\'AL, until recently superintendent of

Saskatoon District, C.P.R., is at present acting general

superintendent of Saskatchewan Division.

W. E. CORAL\N is at present superintendent for

the Excelsior Electric Co., Toronto, on the manufacture

of tools and machinery for munitions, having temporarily

left the employ of C. H. and P. H. Mitchell.

W. R. SMITH, general manager of the E.D. and

I^.C. Railway, recently addressed the members of the

Board of Trade in Edmonton on "The Development of

our Northern Hinterland and What it Means to

Edmonton."

Lieut.-Col. WILLIAM H. DAVIS, of the firm of

Davis and Lubin, Vancouver, and formerly city engineer

of Berlin, Ont., and later of Prince Rupert, B.C., who
is in command of the 2nd Pioneer Battalion, which has

been in England several months, is seriously ill in the

hospital as a result of a fall from his horse. Col. Davis

is a member of the Canadian Society of Civil Engineers

and a graduate of R.M.C. , Kingston.

F. C. GAMBLE, Chief Engineer of Railways for

the British Cohunbia Government, and Pnst-Presidcnt of

the Canadian .Society of Civil Engineers, was entertained

b) the Edmonton Branch of the Society at a dinner given

in his honor in the Macdonald Hotel on the gth instant.

Mr. Gamble has been in the city during the past few

davs enroute to \'ictoria, B.C., from Montreal, where

OBITUARY
E. B. JONES, at one time city engineer of Chat-

ham, Ont., and an authority on hydraulic and electrical

engineering, died recently at Erie, Pa.

CONCRHTH PIPE TUNNEL, N.T.R., QUEBEC.
(Continued from page 28S.)

In the spring, when the forms were removed, the

structure was found to be in first-class condition, and
to date no defects whatever have appeared, though the

tunnel underwent a rather severe test during the course

of the past summer by having work trains run over it

at various points.

The concrete specified and made in this work was
a I :2 :4 mixture throughout. .V small amount of dis-

placers were used, though these were necessarily limited

in quantity and of small volume, owing to the small

space between the forms. During the construction of

that part of the tunnel not reinforced a small amount
of salt was also used, though only on exceptionally cold

days. The amount of crushed stone, from J^ in. to

1^2 in., used was 0.8 cu. yd. for each cu. yd. of finished

concrete. The cement amounted to 1.2 bbls. per cu. yd.

of finished concrete. Lumber for forms figured to 60 ft.

B.M. to the cu. yd. concrete.

The accompanying illustration, from a photo taken

by Mr. H. E. Balfour, assistant engineer in charge of

construction for the N.T.R., gives a general view of about

550 feet of the trench with the outside form in place. At

the extreme lower end the inner form is also in place and
ready for pouring the walls. The photograph was taken

from the top of a 200-foot chimney.

The contractor for this work was Joseph Gosselin,

of Quebec and Levis, General Contractor for the N.T.R.

Shops.

COMING MEETINGS.

AMERICAN ROAD BUILDERS' ASSOCIATION.—
Thirteenth Annual Convention to be held at Pittsburgh,

Pa., February 28th to March 3rd. E. L. Powers secretary,

150 Nassau Street, New York, N.Y.

CANADIAN MINING INSTITUTE.—Eighteenth

annual meeting to be held at the Chateau Laurier, Ottawa,
March i, 2 and 3. Secretary, H. Mortimer-Lamb, Ritz-

Carlton Hotel, Montreal.

THIRD CANADIAN AND INTERNATIONAL
GOOD ROADS CONGRESS AND EXHIBITION to be

held at Sohmer Park, Montreal, March 6, 7, 8, g and lo,

igi6. General Secretary, Geo. A. McNamee, New Birks

Building, Montreal.

At the annual meeting of the Kingston Branch of

the Canadian Society of Civil Engineers it was decided

to discontinue the meetings of the branch for the pre-

sent, owing to the fact that so many members are on

active service. The chairman of the branch. Major
Wilgar, is O.C. 8th Field Co., Can. Engineers, and
Mayor Gill, the secretary, O.C. the Queen's Battery in

England.
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USE OF COMPRESSED AIR IN TORONTO SEWER
CONSTRUCTION

A DESCRIPTION OF METHODS OF TUNNEL CONSTRUCTION WITH
COMPRESSED AIR AND COST OF OPERATING A COMPRESSOR PLANT.

By VV. G. CAMERON,
District Engineer, Sewer Section. Department of Works, Toronto.

COMPRESSED air was introduced into sewer tunnel

work in Toronto for the purpose of lowering the

cost of construction where the ground was of a

fluid nature, such as in fine, wet sand w^hich be-

comes fluid when the overhead pressure is removed. Tun-

nelling is, of course, possible in most cases without the

of ground does not arch, but forms a dead weight on the

sheeting. When this fluid ground extends to a depth

below the proposed tunnel, and compressed air is not

used, the bearing power of the soil must be strengthened,

and to do this, it is generally necessary to open-cut from

the surface, as the dead weight of the ground above will

^Ji^ae^/^y .'\if^,3V,'" t^^ j/r^a.'i^y.

—^irr-^'^^
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Fig. 1.—Detail of Cap and Leg Method of Supporting Sheeting.

aid of compressed air, but is much more expensive, for

not only is a smaller length of tunnel completed each day

but a greater quantity of and heavier timbering is required,

and the difficulty of placing it is much greater. The sides

and roof have to be solidly sheeted in order to prevent the

water and sand from escaping into the tunnel in such

quantity as to undermine the roadway or pavement or any

overhead utilities, such as water mains, gas mains, con-

duits, etc. Tongue and grooved lumber is sometimes

used, or two layers of planks placed one overlapping the

joints of the other. This timbering must be heavy enough

to withstand the overhead pressure (Fig. i) as this kind

cause the timbering to sink if tunnelling is attempted (Fig.

2). In order to tunnel such ground successfully, then,

without undermining overhead utilities, the water which

causes the fluid nature of the ground must be forced back.

When this water is removed, the ground becomes solid.

It is loose enough, however, to be easily mined. To re-

move the water, compressed air is used, the function of

which is to exert a greater pressure in the tunnel than is

exerted by the overhead ground, thus forcing the water

back beyond the line of the tunnel.

The pressure of air required varies directly as the

depth of the proposed work, the quantity of water and the
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naliiro of the ovcrhoad ground, wholhcr all sand, a

mixture of clay and sand or tiicsc two cMcurring in layers.

It depends also on whether the ground contains any old

sewers, mains, conduit^, etc. Roughly, 'X lb. of air to

the foot of depth is assumed, but conditions of the

ground \ary so niuch tli.il it is never possible to go
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that if the power goes off in one system, power may be

immediately taken from the other. If the compressed air

is allowed to fail, even for a short time, the water which

has been forced from the ground will return and bring

sand with it into the tunnel. The result then may be the

loss of one or two days in removing the sand from the

filled-in heading, erecting new timbering or filling the

cavity left by the sand which ran into the heading.

When compressed air is used, air-locks are provided

at the shaft to confine the air to the tunnel (Fig. 3). These

locks consist of a section of sewer with a bulkhead at eaclt

Sometimes when high pressure is required, a wedge (Fig.

S) is forced into the solid ground at the end and over the

lock to prevent the air from escaping back over the finished

work. This wedge consists of a tight thickness of planks
the width of the open cut forced into the ground hori-

zontally with jacks, another row on the slant about 4 ft.

above the horizontal row, the ends of these meeting the

ends of the first. The earth is then removed between these

layers of planks and the space rammed full of concrete.

Where the tunnel is for a small sewer, say, 4 ft. in

diameter, the volume of air in the tunnel and the area for

V«,»7' R»rn imbedded
in concvetc

';^' DoOT Frome ^
^A DOOT

3E.CT10A
THROUGH DOOR

R r.^-'^
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Two Bury (Kric, Pa.) compressed air pumps, 16" x 10",

180 r.p.m., which will give up to 20 lbs. air pressure.

Two Wcslinghouse motors, 50 h.p., 720 r.p.m.

Two leather belts, 9" and 10", 15' 3" between shafts of

pumps and motors.

Two 8' X 8' X 3' 6" concrete beds of about i to 12 mixture.

Four 8" X 8" x 16' timbers.

One tank for cooling and muffler, 6'x 16', tested to 135 lbs.

One building, 24' x 30', for housing plant. This is built

in sections and may be easily taken apart and set up

in any location.

^Viring and 6" piping for air lines. (The switchboard is

built in panels and, like the building, may be moved
easily at any time. This whole plant may be taken

down and moved to a new location in 10 days.)

Air locks, consisting of a bulkhead at each end with a

square opening in which is built a steel frame with

steel door, the outer door opening into the lock and

Fig. 5.

—

Method of Forcing in Wedge to Prevent
Escape of Air.

the inner door into the tunnel. (In this case the gates

are 16' apart. The air is pumped directly into the

tunnel. Valves are placed through both bulkheads.

When a man wishes to go into the tunnel, he walks

into the lock and closes the outer door. Then he

opens the inner valve which allows the air from the

tunnel to escape into the lock, making the pressure

in the lock gradually as great as that in the tunnel.

He then opens the inner door and proceeds into the

tunnel. On coming out, he closes the inner door and
opens the outer valve, allowing the air in the lock to

escape into the outer atmosphere till the pressure be-

comes normal.)

The costs of the plant, installation and operation arc

as follows :

—

Co.st of Plant.

2 compressors $3,000
2 motors 1 1300

1 lank 225
2 hells 200
Concrete beds 100

Timbers 10
Building 200

C(JSt of instaliinv; ;ihi)\c p];int, ini'luding wiring and
piping, $330.

(iates $ 395
Valves 100

Cost of installing gates and \ alves, $112.
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Two leather belts, 11", 2-ply, 15' 3" between shafts of

motors and pumps.

Two concrete beds for pumps, i to 12 mixture, 7' 9" x 8'

10" X 4'.

Three concrete beds for motors, i to 12 mixture, 4'x6'x3'.

Four timbers to keep spacing between motors and pumps.
These timbers are at ground level and between the

beds; size, 8" x 8" x 16'.

One building, 24' x 30', in panels to make moving easy.

Wiring and 6" piping for air line.

Fig. 8.—Cap and Leg Tunnel.

Cost of Plant.

2 compressors $5,000.00
2 motors 1 ,300.00

2 belts 295 .00

4 concrete beds 145.00

4 timbers 10 -50
Building 225.00

The cost of installing the above plant, including

piping and wiring, S330.

Gates S 400.00
Valves 100.00

Cost of installing gates and valves, including

locks, $112.

Maintenance.

Power $22 .00 per day
Oil and waste 90 " "

Repairs 60 " "

Labor 11.00 " "

An average of 24 ft. is constructed here per day of

4'x6', 3-ring, egg-shaped sewer. The cost for compressed
air is, therefore, $1.45 per foot, not including interest on
investment or depreciation.

When the work has progressed several hundred feet,

it is generally advisable to move the locks nearer to the

heading. When this is done a smaller volume of air is

required and there is a smaller area for possible escape.

Sometimes, if air is escaping rapidly, it has been found

profitable to discontinue work for a day and pump in grout

through the brickwork to seal the space between the brick-

work and the sheeting over the arch. This will prevent

the air from escaping from the heading back over the

finished sewer to the shaft and thence to the surface. This

is another reason why the shaft is lined with concrete

above the future sewer.

The methods used for supporting the sheeting in com-
pressed air are in many cases the same as those used in

ordinary tunnel work with the exception that less and
lighter timbering is required. These methods include the

needle-beam methtxl, the cap and leg method, the crutch

method, the Christmas-tree method and other methods
used when only very light sheeting is required.

The Needle=beam Method (Fig. 7).—To use this

system the tunnel must be large and dry, or nearly so.

(For a detailed description of this method see article in

The Canadian Engineer for December 9th, 1915, on "The
Keele Street Storm Oxcrflow Sewer.")

Cap and Leg Method (Figs, i and 8).—This method
is used in compressed air when the sewer is small (6 or 7
ft.) and when the sand is fine and has not enough clay

mixed with it to give it the necessary consistency. The
sand will cave in on the top or sides before sheeting can
be placed to prevent it from doing so. The timber cannot
be removed from the work and as the sewer increases in

size the size of the timber also increases, thus increasing

the cost of the work. The sheeting is driven just ahead
of the excavation, the cap and legs being placed when the

sheeting has been driven ahead of the previous set about

4 ft. The cap in this new set is placed low, and the next
sheeting driven over it, the rear end of the sheeting being
under the preceding cap, thus giving it always an upward

Fig. 9.

—

Crutch Method of Supporting Sheeting.

angle. When this set of sheeting is driven ahead its full

length, a filler is placed between the sets over the cap, as

shown in Fig. i. The legs are cut on the slant, so that

the cap always slants upward and the top sheeting, which

is given an upward angle, rests evenly upon it.

The Crutch Method (Figs. 9 and 10).—This method
is used when the ground is quite dry and only requires
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slu'i'iing- in ilio upper part of the excavation. A narrow
drift is ilrivcn alieati for 5 ft. or 6 ft. in the centre of the

future tunnel, the top being the top of the future tunnel.

The crown jilanks are then placed in position, the front

end resting in a deep groove made in the solid ground at

the front end of the heading. Should the ground be con-
sidered too loose to temporarily support the weight of

these planks, a screw-jack on a post, or some similar

method, must be used for their temporary support. The
drift is then widened on each side enough to allow one
plank to be placed at a time. When the sheeting is all

placed, a hole is excavated on each side, outside the future
masonry, and from the springing line of the future sewer
to near the invert. Short planks about 10" x 10" x 2", or
possibly bricks, are placed in the bottom of this hole to

act as a sill, and a post 6" x 6" placed on the sill. The
posts are long enough to reach to the springing line.

Timbers 6" x 6" are then placed which form what is called

a crutch. That is, they form two chords from the upper
ends of the posts to the top and centre of the tunnel.

Should these chords be not tight, a wedge is placed be-

Fig. 10.—Kxample of Crutch .'Method.

tween them and forced in until they are tight. A filler the
shape of a segment of a circle is placed between the chords
and the sheeting, which is in a semi-circle. Should the
filler not be used, blocks have to be placed between these
crutches and each plank. This section of the tunnel being
then complete, the same performance Is repeated and
another section excavated. This may be easily done, as
there is no timber to form an obstruction under the
crutches. When the apportioned length of tunnel is com-
plete the bottom of the tunnel (about 2 ft.) is excavated
and neatly shaped the shape of the future sewer.

When the masonry is being built by the bricklayers
during the next shift, the lower portion up to the spring-
ing line is completed the full length of the excavation.
Then the arch is built one drum (2'^ ft.) at a time. When
the work approaches one of the crutches the brickwork
takes the support of the sheeting and the crutch is re-

moved. And so the work proceeds to the last crutch,
which is removed by the miners' next shift.

The Christmas-tree Method.—This method differs

from the crutch method in that the full length of the shift

(8 or 10 ft.) is excavated at once. It is used where clay
and wet sand occur in layers, the bottom being dry and

the wet sand not being in great enough quantity to require

the cap and leg method. A narrow drift is driven ahead
in the centre of the tunnel the full length of the shift and
two or three crown planks placed in position. A segment
is placed against them and a post on sills erected to sup-

port them. The drift is then widened as in the crutch

method and the sheeting placed one plank at a time. A
segment is placed against two or three of these and a

spoke radiating from the post is placed to support them.
This process is repealed until the sheeting is completed.

RESURFACING OLD MACADAM ROADS."

ONE of the most important problems confronting

road authorities to-day is the question of re-

surfacing or rehabilitating old stone roads This

condition in most cases is the result of neglect.

Failure to make repairs or to restore the worn-out por-

tions before a road has deteriorated through to the foun-

dation necessitates the rebuilding of the road and a large

expenditure; whereas, through skilled maintenance, the

outlay can be reduced materially and spread over a period

of years. There are, of course, other reasons for resur-

facing old roads, as, for instance, the improper selection

of the original material, which is responsible for rapid

deterioration, and the constantly increasing and varied

traffic, causing abrasive action too severe for the type

of road. This latter condition is noticeable particularly

in suburban communities and communties where water-

bound macadam roads were laid in the early stages of

development, and where the population has increased

rapidly and where all classes of vehicular traffic have

caused the original roadway to deteriorate more rapidly

than would have been the case had the development not

occurred, thus creating the necessity for repairing and

resurfacing in order to make the wearing qualities of the

road as good as those in the nearby cities.

The essential points to be considered in the selection

of a proper type of surface for an old stone road are the

character and amount of traffic, the grades, and, as a

rule, that most important factor, the funds available for

the work. When the traffic has been determined and the

character of surfacing selected a thorough study should

he made of the existing foundation and drainage facili-

ties. Many surfaces have been sacrificed for the want of

proper attention to the foundation, and too often it is

taken for granted that any stone road is a suitable base

for most any type of surface. Test-holes should be made
at sufficient intervals in the road to determine the depth

of the existing foundation, and usually it is found that

a considerable portion must be restored before a surface

can be applied. Irrespective of the type of surface

selected, the preparation of the foundation must be given

the same careful attention. Too much stress cannot be

laid on the desirability of having proper lines and grades

before resurfacing, in order to avoid increasing or per-

petuating the difficulties of future improvement of these

roads. The question of providing proper underdrainage

nnist be considered, and drains installed where necessary.

Water»Bound Macadam.—The methods used in the

preparation of the base for both water-bound and bitu-

minous macadam are the same. If any holes or depres-

sions are found in the base, the road should be dug out and

replaced with good-sized clean stone, keyed with a smaller

*From paper before the Pan-Amcricin Road Congress, by
William D. Uhler, Pennsylvania State Highway Department.
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size and rolled with a ten-ton power roller until thor-

oughly compacted. The roadway should then be cleaned

ihoioughly and the existing surface broken or loosened

with picks, harrows, or, if necessary, rollers equipped

with spikes, so that the new material will bind properly

with the old surface. Where the new surface is wider

than the old base, or w-here, in improving the lines, it

rests partly on the old surface and partly on the old

shoulder, it is necessary to provide a new first course or

base where an old one does not exist, in order to support

properly the top layer or wearing surface.

.A.fter the base course has been finished, there should

be laid a layer of properly graded, approved stone,

passing a tw-o and one-half inch mesh screen, and being

retained on a one-inch mesh screen, this stone being

known as "I'i'-inch." The stone should be spread upon

the base course with shovels from piles along the side

oi the road or from a dumping-board, but in no case

should the stone be dumped upon the first course surface.

This layer should be rolled with a roller weighing not

less thSn ten tons until it is compacted to a firm and even

surface. The total thickness of the surface course should

be not less than three or four inches after rolling. When
a surface course of a depth of three inches is specified,

it should be laid in one layer and a four-inch course

should be laid in two layers of two inches each.

.Should diflficulty be experienced, while rolling, in get-

ting the stone to compact thoroughly, sprinkling with

water or spreading lightly with screenings will prove

beneficial.

After the surface course of stone has been thoroughly

rolled, screenings, varying in size from dust to J^-inch,

should be spread with shovels from piles along the side

of the road or from dumping-boards, but, again, in no

case should the screenings be dumped directly upon the

surface of the stone. These screenings should then be

thoroughly rolled with a ten-ton steam roller, additional

dry screenings applied, and the rolling continued without

the use of water imtil the interstices of the stones are

filled. The road should then be sprinkled with water,

rolled, additional screenings spread, and the sprinkling

and rolling continued until the surface is well bonded and
set. The rolling, in all cases, should begin at the sides

and work toward the centre of the roadway, thoroughly

covering the area with the rear wheels of the roller, and
should be continued until the surface is hard and smooth
and shows no perceptible tracks from vehicles passing

over it.

To protect a water-bound macadam road from the

ravages of automobile traffic it should be given a bitu-

minous surface treatment of either approved tar or

asphalt. Prior to applying this bituminous material, the

surface of the road should be cleaned thoroughly by
sweeping with machine and hand-brooms. .A.fter all the

caked dust has been scraped off and the stone exposed
uniformly over the surface, the bituminous material

should be applied.

Bituminous Macadam.—In resurfacing with bitu-

minous macadam, the base course should be prepared

as for water-bound macadam, after which stone passing

a two and one-half inch screen and retained on a one-

inch screen should be spread upon the base course with

shovels from piles along the side of the road or from a

dumping-board to a depth of three inches after rolling.

After the broken stone has been laid and placed true to

line and grade and cross-section, it should be rolled with

a roller weighing not less than ten tons until the stone

has been thoroughlv compacted and ceases to creep in

front of the roller. When the rolling has been finished

there should be spread evenly over the surface a quantity

of approved bituminous binder, not less than i J-4 nor

more than i '4 gallons to each square yard of surface

area. The binder should be heated to the proper tem-

perature for the material used. .Mter the bituminous

binder has been applied, there should be spread a layer

of 3^-inch dry, crushed, approved stone, free from dust,

and in such quantity as will just cover the surface and

fill the surface voids. Rolling should be continued until

the surface is thoroughly bonded ; the surface then should

be swept clean of all loose stone and an application of

bituminous binder, of approximately one-half gallon to

the square yard of surface area, applied evenly. This

binder, in turn, should be covered immediately with a

thin layer of dry stone chips, free from dust and rolled

lightly. The quantity of chips should be just sufficient

to absorb the excess of bituminous material remaining

on the surface and to prevent the existence on the sur-

face of an. excess of binder.

Bituminous concrete and sheet asphalt pavements
should be laid on a concrete base, instead of on the old

existing macadam foundation, which, heretofore, has

been the generally accepted practice for country roads.

In view of the increased amount and change in character

of trafific, even though slightly more expensive, it is

advisable to provide for either a four-inch or a five-inch

concrete base on top of the broken stone or telford base,

due to the tendency of macadam to shift or to consoli-

date further under traffic and possible sub-grade trouble,

all of which tend to bring about a wavy or uneven con-

dition of the surface.

In the resurfacing of water-bound macadam it is

frequently the case that the engineer in charge of the

work allows too small a stone to be used, which, it is

true, will require decidedly less rolling, but will not

stand the motor traffic of to-day.

Another fault quite often found is the spreading of

screenings before the one and one-half inch stone is thor-

oughly locked, and very frequently using too large quan-

tities of screenings, thereby causing a heavy crust to

form on the road surface.

The success of the bituminous treatment of water-

bound macadam roads depends entirely upon the cleanli-

ness of the road before the application of the material.

Many failures are due to the lack of proper care in this

most important detail. In cleaning the surface of the

road the sweeping should be windrowed along the edges

of the wearing surface, in order to prevent the running
off of the bituminous material, which later should be

swept back on the road. Special attention should also

be given to the applying of the chips, just sufficient chips

being used to prevent the traffic from picking up the bitu-

minous material.

In bituminous macadam or penetration work no bitu-

minous binder should be applied unless the stone surface

is thoroughly dry, and the temperature of the air is 65
degrees or higher, and special attention paid to the

heating and applying of the binder.

One of the important features in connection with ob-

taining the best results in bituminous concrete construc-

tion is the use in the wearing surface of good, hard,

durable stone, free from dirt and decomposed material, as.

decomposed stone in the mixture will naturally develop

weak spots in the pavement and ultimately result in

failure.

The penetration of the asphaltic cement used in the

mixture should be governed by the character of the

traffic requirements.



302 THE CANADIAN ENGINEER VolLiinc 30.

As before stated, the success of all bituminous con-

crete and bituminous pavements is very largely de-

pendent upon the rolling, and ihc best results can be

obtained only by using a light roller for the initial com-
pression and a heavier roller for the linal compression,

with an equal amount of transverse and longitudinal

rolling.

In the laying of sheet asphalt or bituminous con-

crete, where brick gutters are used and adjacent to block

runners along car tracks, it is good practice to lay the

finished surface of the pavement from one-eighth to one-

quarter of an inch higher than the brick gutters or

runners. It is diflicull in the rolling to secure final com-
pression next to these blocks, and traflic will further

compress that pwrtion of the pavement, naturally causing

the development of low spots, which hold water and
result in deterioration.

Sp>ecial attention should be paid also to the heating

of the various aggregates entering into the pavement,
and also of the combined mix, as many failures are

caused by over-heating. No over-heated material should

be used under any circumstances, as failure is bound to

result.

WORKING AIR OUT OF PIPE LINE TESTED IN

LONG SECTIONS.

By using a hand force pump to raise the test pressure
to the required 250 lb. where necessary, loosening the

high joints to permit the escape of air, and providing
heavy end bracing and clamps to take the thrust of %-
mile sections under test pressure, an 8-in. steel pipe line

about 832 miles long was quite recently tested satis-

factorily, according to R. C. Hardman in Engineering
Record.

The specifications provided for testing the line to a

pressure of 250 lb. per square inch before backfilling

the trench. Part of the line received normally more
than this pressure when the discharge end of the line was
closed, but, as no valve was provided at the reservoir,

static pressure could not be obtained in operation. Where
the pressure exceeded the required amount the pipe was
simply capped and the line examined. Where the pressure
was less than 250 lb. it was raised to that figure.

The tests were made about every half mile immedi-
ately upon the completion of that amount of pipe-laying.
A small hand-operated boiler testing pump was used for
the purpose, although some doubt was had as to whether
it would be feasible for increasing the pressure in such a
long length of line—about 2}^ miles being the longest
section tested. In preparing for the test a cast-iron cap
fitted to the end of the pipe and tapped to receive the dis-

charge of the test pump was securely fastened to the last

section of pipe. This was accomplished by means of a
steel bar over the casting, through which bolts were
passed, the bolts in turn being fastened at their opposite
ends to a steel clamp which bolted around the pipe.

Water-tightness was secured by means of a rubber gasket
between casting and pipe end. As the pressure tending
to force the casting off the pipe and to disjoint the line

was about 12,500 lb., a system of timber bracing was
employed. At the first test, which was at a creek crossing,
the pipe was braced against the opposite bank so ef-

fectively that the line was buckled completely out of the
trench, the last joint being broken.

As the line followed the contour of the ground there
were m.nny high points in which air collected. The pro-

cedure in making the tests was to cap and brace the lower
end, loosen all high joints to allow escape of all air and
close the valve in line at the intake. Water was then
hauled in barrels for the operation of the pump. The time
consumed in reaching the desired pressure was not uni-

form throughout the series, varying from two to six or

seven hours for four laborers working in J/^-hour shifts of

two men each. The variation in time was due to the

amount of additional pressure necessary and to the care
with which the accumulated air had been released. At
times when it was thought that the air had been carefully

attended to no headway would be made by the pump, a

more careful inspection always revealing the fact that

some air still remained in the line. In fact, to increase

pressure in this way it is absolutely essential that all air

be removed.

FOURTEENTH ANNUAL MEETING OF THE
ONTARIO GOOD ROADS ASSOCIATION.

Greater interest seemed to be taken in the meetings
of the Ontario Good Roads Association this year than
heretofore, nearly every municipality affiliated with the

association was represented at the convention. S. L.

Squire, of Waterford, was again elected president of the

association.

The practical side of road building claimed more at-

tention than usual this year, and the subject of financing

good roads was also given its share of the program.
Among the technical papers presented to the convention

was a paper by Lucius Allen, county engineer of Hast-

ings, on "When is Crushed Stone Profitable?" In it he
described the various uses of stone, its adaptability to

certain locations and conditions, and methods of good
construction, dealing at some length on rolling the surface.

Mr. Allen stated that a well-drained stone road with a

surface impervious to water was equal to any type of

modern construction, "^^'hen is Concrete Paving Pos-

sible?" was the subject dealt with by H. S. Van Scoyoc,

chief engineer of the Toronto and Hamilton highway.

Mr. Van Scoyoc stated that concrete roads are most profit-

able when they give better value per dollar of expenditure

than any other type of satisfactory surfacing material.

While improved roads create values that cannot be

measured in dollars and cents, a commercial standard is

the one most readily set up. More care should be taken

in the preliminary work as the initial cost of concrete

highways justifies more careful grading and drainage

work than when a less permanent type of construction is

used. The speaker stated that as concrete roads are a

comparatively new type their lasting qualities were not

definitely known. At any rate it is safe to assume that

after, say, 20 years of service the concrete road can be

used for sub-base purposes.

E. A. James, engineer for York County Highways
Commission, gave an address on "When is Bituminous

or Other Paving Profitable?"

Numerous resolutions were drawn up and will be

presented to the government. Most of them dealt with the

cost of road building material.

The following officers were elected : S. L. Squire,

Waterford, president; honorary presidents, N. Vermilyea,

Belleville, and J. A. Sanderson, Oxford Station; ist vice-

president, C. R. Wheelock, Orangeville ; 2nd vice-

president, J. J. Parsons, Haldimand ; secretarv-treasurer,

Geo. S. Henry, M.P.P. ; directors, W. H. Pugsley, York;
Major Kennedy, Peel ; L. E. Allen, Hastings ; F. A.

Senecal, Prescott ; David Clow, Leeds, and K. W. McKay,
St. Thomas.
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THE ADMINISTRATION OF A COUNTY ROAD
SYSTEM.*

By G. Cameron Parker, B.A.Sc.

THE Council is the main executive body adminis-

tering the affairs of the county ; from its members
are appointed various committees, each dealing

especially with its branch of the work. The com-

mittee having charge of the improvement of highways

is usually known as the Roads and Bridges Committee,

and to this body the County Road Superintendent is

directly responsible. The council usually lays down a

programme covering the season's work, but any modi-

fication of this is authorized by the Roads and Bridges

Committee.

It is essential, therefore, that the greatest co-opera-

tion exist between the superintendent and the com-

mittee, and the smaller the committee, the greater will

be the despatch with which the work is conducted. It

is impossible to call a large committee together on short

notice, and, as the value of a committee depends to a

great extent on its ability to meet and consider matters

without delay, a small road committee is strongly advised

as against the procedure in some counties of placing

the whole council on the committee.

The success attained by a county road organization

depends almost entirely on the knowledge and executive

ability of the superintendent. He must, therefore, not

only be a practical road builder, familiar with the work
in all its phases, but he must possess business acumen
in order to direct the general work or the organization.

The experience necessary to develop these qualities

is not gained in a year, and herein lies the great disad-

vantage of changing the road superintendent from year

to year, as is the custom in some counties. It takes a

•year or more to acquire a thorough knowledge of a

county road system and to become familiar with local

conditions, and this experience is gained at the expense

of the county. Every time a new man assumes the office

of superintendent this expense is repeated, at a loss to

the municipality. We do not find private corporations

changing their executive heads every twelve months.

Once a suitable man has been placed in a position they

make every endeavor to retain him, realizing that he is

becoming more valuable every year. Why, then, should

not municipalities practise the same economies that are

laid down as basic priciples in other corporatons, and,

securing a capable superintendent, make him feel that

the {x>sition is his as long as he conducts the affairs of

the road organization in a satisfactory manner. No man
will take the same interest in, or put the same energy
into his work, if he feels that his term expires with the

present council that he would if he knew that the success

or failure of "Good Roads" in his county depended on
him, and that he was not only to plan for this year, but

for those to follow. He will then consider road-building

as his profession, and the best results are obtained when
a man is working along one line, with a clearly defined

object in view.

When appointed, the superintendent should make
it a point to become familiar with the history of the

county roads. Where the system has been in existence

for only a few years this is not difficult. If the roads

are not covered with snow he should cover every mile,

paying special attention to present and future traffic

*Read before the Conference on Road Construction,

Ontario Department of Highways.

requirements and the condition of the districts through

which the roads run. The work done by the townships

prior to the introduction of the system and by the

counties since that time should be located and work
necessary for repairs and maintenance made note of.

As the appointment to the office of superintendent usually

takes place early in the year, there follow several months

during which this and a great deal of other valuable

preparatory work may be done.

Special attention should be paid to drainage at this

time. When the water is lying on the ground and in the

side ditches it is much easier to determine what is neces-

sary to provide drainage than when it has dried up.

This is the time also to have the machinery repaired

and put in first-class condition. Delays on the work cost

money, and they should be avoided as much as possible

by a thorough overhauling of the equipment, making
any repairs that are necessary at the time, or which may
avoid breakdowns later in the season. While all machinery

should be attended to, special care should be taken with

the roller and quarrying equipment. Once work has

commenced these are operated for ten hours a day, six

days of the week, and there are too many delays owing

to bad weather without adding to them by the neglect

of the equipment.

Provision can also be made at this time for the

housing of the machinery during the following winter.

If sheds have not been erected they can be built before

the men are needed on the road. Every day that is taken

in moving an outfit from one job to another expense is

going on and no results are obtained, apart from delays

in the work. In counties owning several outfits the sheds

should be built at the centres of the districts served. A
framework of stout studding, covered with corrugated

iron, will afford ample protection, but care should be taken

to provide for wind stresses and snow loads on the roof.

If new equipment is to be purchased tlie superinten-

dent should make himself familiar with all the types and

makes on the market, and after giving the matter serious

consideration and gathering the experience of others,

he should decide on the type of machines desired and

make an effort to have the council procure them. The
council, on the other hand, should realize that the super-

intendent is in a better position to know the machinery

he wants to work with and should be governed by his

recommendations.
The spring is the "open season" for the grading

machine. At no time during the year can it be used to

such advantage as when the ground is soft and work-

able. A dollar spent in grading at this time will secure

better results than twice the amount spent when the

ground is hard and has to be broken into lumps and

again compacted by traffic, and the work is not so dis-

couraging to men and horses nor so wearing on the

machine.

The grading gangs should be the first part of the

organization to receive attention, and care should be

taken to see that the man who is to operate the grader

understands the work thoroughly. He may have used

the machine and yet be unfamiliar with the minor details.

He should be watched closely from the start and advised

from time to time where his work can be improved.

Failing to get one with experience, a man should be

hired who lives nearby. He should not be overburdened

with instructions at first, but taught the general prin-

ciples and his faults corrected. In this way he will feel

that he is improving from day to dav and take a greater

interest in the work.
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All the iMiih loads on tlie system should be gone
over with tlie grader, leaving only the fine grading to

be done where construction is to take place later on.

The draining of the roads should accompany the
grading, and for the same reasons. The side ditches
should be cut or cleaned out and brought to grade

;

the outlets should be opened, and cross and side culverts

inspected and cleaned where necessary.

The roller should be put in operation on the roads
already built as soon as the subgrade is sufficiently solid

to support the load. The construction work done during
the previous fall should be gone over and the tendency
to rut and ravel reduced by several trips of the roller.

In many cases where ruts have formed or pot-holes
started a few shovelfuls of i-inch stone will put the road
in condition witJiout the use of the roller. When the
surface is moist and the spring rains are on the traffic

will quickly compact the small stone. When not used
on repair work the roller should be sent over the roads
as much as possible. As said before, macadam some-
times will break up on the surface during the second
year, owing, perhaps, to not receiving sufficient rolling in

the hurry and rush of the construction season. This can
be made up for by getting the roller at work early and
keeping it on the road till frost sets in.

As soon as time permits attention should be paid
to the materials that are to be used during the season.
The life and service of the roads depend on the quality
of the materials used in construction, consequently a
wise choice is necessary. If local material is to be used
the deposits should be inspected, provision made for
removing the water and the most economical method
of working them decided upon. In this connection I

might say that I have noticed a tendency in some counties
to use the inferior material near the surface rather than
go to the trouble and expense of going deeper and
securing better stone or gravel.

Limestone deposits in particular usually yield
tougher and harder stone at a depth of from six feet
down than they do above that level, and in most cases
the first two or three feet consist of shaly layers that,
while easy to take out, make very poor macadam.

Roads built of materials from quarries or gravel
pits that have been worked should be inspected and the
traffic which they carry determined as closely as pos-
sible. The service to be expected from the material and
the desirability of using it can then be decided.

Where there is doubt as to the desirability of using
domestic materials rather than importing theni, if appli-
cation is made to the Department a survey of the de-
posits in the county will be made, tests conducted, and
a report furnished to the superintendent, with advice
as to the best material to use.

In counties where stone has to be imported or pur-
chased from commercial quarries the superintendent
should have specifications drawn up for him and call for
tenders based on these specifications. The specifications
should lay down the quality of stone required, as shown
by laboratory tests, and the contractor should understand
this, and know that his material was liable to be sampled
at any time. Only in this way can the superintendent
be sure of getting what he is paying for, and in the
event, of a dispute with the party furnishing the stone
the^ -specifications showing the requirements in black and
white will form a basis of adjustment where it is

necessary.

The specifications for stone as now used usually
state that "It shall be a hard, blue limestone, free from

dirt, etc.", and that "It shall be subject to the approval
of the superintendent." These are right as far as they
go, but often out of consideration for the contractor or
in a desire to get the work finished the superintendent
is inclined to be lenient in his decison. With proper
specifications he is not put to the necessity of straining
his conscience and the contractor is not so apt to furnish
inferior material, trusting to his ability as a salesman
to persuade the superintendent to accept it.

.'Vs in other matters pertaining to their organiza-

tions, superintendents will, upon making application,

receive such assistance as they desire from the Depart-
ment in the preparation of specifications and the selec-

tion of materials. In the event of the adoption of speci-

fications not prepared by the Department they should

be submitted for approval before proceeding with the

awarding of contracts.

The actual road construction should commence as

soon as it is practicable to haul materials. The construc-

tion gangs should be organized, and on the care with

which this is done the smoothness of operation of the

outfits during the whole season depends. For the posi-

tion of foreman preference should be given to a local

man, provided he is capable. Needless to say, a man
with previous experience in road-building, or failing this,

a man who can handle men well should be the first

choice. He should have the selection and hiring of the

men for the gang with the exception of the roller en-

gineer. The man for this job should be hired by the

superintendent only after consideration of his energy,

ability and character. A roller engineer who has peri-

odical "wet" spells in the neighboring town is no man
for the job no matter what his qualifications are.

Throughout the whole construction force the men should

be kept at the same work as long as it lasts. The
"breaking in" of men to new jobs involves a loss in

money as well as in the quality of work. From the be-

ginning till the end of the season each man should know
his particular work and should be kept at it.

Where roads are built by contract the superinten-

dent should have an inspector on each job, who should

be furnished with a copy of the specifications and be

instructed to promptly report any unauthorized departure

from them on the part of the contractor. No matter how
carefully specifications are drawn up there are always

unforeseen conditions arising where they may be modi-

fied. Sometimes this is to the advantage of the con-

tractor and sometimes it will be to the advantage of the

county. There should, therefore, be a feeling of co-

operation between the superintendent and contractor and

a certain amount of give-and-take. Good and satisfac-

tory work can never result when the two parties to a

contract are at loggerheads.

The clerical work in connection with a county road

system presents a big problem to the superintendent,

and where there are a number of outfits working in

widely separated parts of the county most, if not all,

of his time is spent on the road. He should have some-

one in the office to look after the accounts when they

come in and distribute the items under their proper

headings. In this connection it might be said that atten-

tion should he paid to see that the maintenance charges

do not creep into the construction accounts, and vice

versa.

With little additional labor a unit cost system can

be developed which wiJI show the cost of the various

individual items during the time covered bv the pay-
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sheet. By closely watching these costs the superinten-

dent can keep a check on the different gangs and alter

methods and institute economies wherever necessary.

The contractor considers a unit cost system his most

valuable asset. He watches this from day to day in

order that he may stop losses on any of the small opera-

tions before they reach large proportions and keeps an

eye on his equipment and sees that repairs are made
promptly with the least delay.

There is no reason why the same principles should

not govern the work in a municipal organization. The

dollar is of the same value to the county as to the con-

tractor, and it is the duty of the superintendent to see

that he makes it do as much. To many the term

"Efficiency" represents an ideal condition striven for

by many but reached by few. In its plain meaning,

where the expenditure of money is involved, it is the

ratio between the value of results obtained from a cer-

tain piece of work and the amount expended on it.

WATER USERS' COMMUNITY PLAN OF CO-

OPERATION IN BRITISH COLUMBIA.

THE following statements respecting recent water

legislation in British Columbia are from an address

by William Young, Provincial Comptroller of

Water Rights, given before the recent convention

at Bassano, Alberta, of the Western Canada Irrigation

Association. The reader's attention is called to The
Canadian Engineer for December 3rd, 1914, in which an

article by Mr. Young appears, dealing with the changes

that had been made from time to time up to that year

in the water laws of the province and to the changes

that were necessary to permit of effective administration.

The following remarks refer to how the Water Users'

Community legislation was adopted. We necessarily

omit the various sections* of the Water Act given in

Mr. Young's paper, but would refer to it those in other

provinces desirous of community legislation of a similar

nature :

—

In speaking of the Water Users' Community legis-

lation of British Columbia, reference must be made to

the irrigation Corporation. The latter was in a measure
the direct outcome of a resolution of the Western Canada
Irrigation Convention, held at Kelowna, B.C., in 1912.

The Irrigation Corporation Bill was accordingly prepared

for the legislature session of 191 3, but did not become
law because it was pointed out that there were features

which should be reconsidered ; and it stood over until

the session of 1914. This not only gave ample time to

redraft it, but an irrigation season in which to administer

under such amendments as had been made to the Water
Act. The administration of water during that season

(1913) revealed many defects, chief of these being the

necessity for provisions that would make possible the

enforcement of beneficial use, and also for provisions

that would permit of co-operation in various other ways.
These defects were remedied in the session of 19x4, and
the Province has now its particular laws on irrigation

and the water bailiff, and on co-operation in the Irrigation

Corporation, the Land and Water Company, the Mutual
Water Company and the Water Users' Community.

*See Section 160 of Part VII. and Section 125 of Part VI.
of the Water Act, British Columbia Statutes, 1914, for clause
relating- to the Wa'ter Users' Community, Irrigation and
the Water Bailiff, respectively.

The Irrigation Corporation is familiar to many. The
Land and Water Company provision replaces an imper-

fect law in respect of irrigation companies. Under this

law it is no longer possible for the land promoters to

incorporate first as a land company and then as a water

company. They must now in their procedure outline

a plan for the organization of a company for the benefit

of the prospective purchasers of the subdivided lands,

to be known as the Settlers' Association, and must
further set out the proposed form and terms of the water

clauses to be incorporated in all contracts for the sale

of their lands. The Mutual Water Company provides

that owners of land who are water licensees may organize

a company with particular powers which will permit of

the construction of joint works for conveying purposes.

The Water Users' Community simply provides for a

partnership of licensees in the construction, maintenance

or operation of works. This is the subject of the address.

The Water Users' Community is of basic importance

for the reason that where, as yet, in places the settle-

ments comprise but a few farms, it permits of inexpensive

but safe organization that later on may develop into one
of the larger organizations mentioned. The law has sup-

plied a long-felt need that was promptly taken advantage
of in several valleys.

The feature that is new about the Water Users'

Community is the fact that by following the instructions

as set out in the water Act the members can avoid being
individually responsible for all the acts of the Com-
munity. It was at any time possible for several licensees

to co-operate under the "Partnership Act" as a "limited

partnership." In this form of partnership, however,
only the liability of the "special partners" is limited, the

"general partners" being jointly liable for all debts and
obligations of the firm, and severally liable for certain

acts. Now, even though it was possible by means of

this act and a series of agreements to co-operate with

limited liability, it meant a procedure, not only expensive

and complicated, but most uncertain. No attempts were,

therefore, made to organize until co-partnership was
fitted into the Water Act under the title of the "Water
Users' Community."

Whenever a Water Users' Community is contem-
plated, attention is drawn to the sections in the Wiater

Act in respect of irrigation and the Water Bailiff, as

ultimate success largely, if not wholly, depends thereon.

"In fact," states Mr. Young, "if we have had any
measure of success in the administration of irrigation, it

is quite as much due to these sections as anything."

To the Water Users' Community the sections on
irrigation are tbe basis of any system of rotation agreed

upon. In perhaps the fewest words possible the very

essentials of successful irrigation are brought home to

each member. In respect of the section on the water
bailiff, it might be said that the powers conferred on him
are too great. It, however, depends entirely on the man
who should be selected as having qualifications that par-

ticularly fit him for the work.

How this Form of Co-operation Works Out.—

A

prospective community, if left to itself, does not readily

get together in agreement ; different views are presented.

The holder of the first record probably has been dragged
through several of the courts in the defence of his water

right and for a time has faced ruin. Being successful

in his defence and having enjoyed some years of peace,

he does not propose to be a party to anything that will

jeopardize his rights. The holders of- one of the later

rights takes the stand that he is not always sure of a
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share of the water, and, since it is hard enough for him

to get along, he wants to be certain that in becoming

a member of the Water Users' Qjmmunity he is not

taking upon himself a liability that may mean the loss

of everything he has. The result usually is a request

that the Comptroller attend one of their meetings, when

an effort is made to explain the several points provided

in the Act and then answer any questions. The first

record holder is told that membership in the community

will not affect the status of his rights. The holder of the

last record has explained to him the limited liability pro-

vision. Administration is also carefully explained, refer-

ence being made to the laws on irrigation and the duties

and powers of the water bailiff, attention being directed

to the fact that the water bailiff is under the direct super-

vision of the district water engineer. This is an important

feature, for, should the partners fail to agree on a system

of rotation in use of water, the engineer prepares the

order and sets the dates.

Another point with the prospective community is

whether or not it is necessary to employ a lawyer. The

majority is usually not in favor of having the lawyer

because of the expense, and to meet their wishes the De-

partment prepared a form which comprises the Articles

of Partnership, which have been made as simple as pos-

sible that those interested may understand them.

The first district to take advantage of these pro-

visions was Heffley Creek Valley. It did not take the

men of this Valley long to come to a decision; in fact,

they were ready to go ahead before the law became effec-

tive in the Railway Belt. Here it was realized that only

by means of organization and co-operation would con-

tention cease. The Heffley Creek Water Users' Com-

munity has been, and is, a success. It comprises about

twenty farms, which, together, have about 1,000 acres

under irrigation. As a result of all parties doing their

share an excellent reservoir has been developed. The

provisions in respect of irrigation and the water bailiff

have demonstrated that order and reasonable system

works to the advantage of everyone. Several incidents

that have happened show that the problems of conser-

vation of water, alienation of water to another water-

shed, and the granting of new rights which are of vital

interest to the Valley are more fully appreciated, and the

secretary of the community is making it his business to

see that these problems are properly considered by keep-

ing in touch with the departmental officers. In the old

days these same problems were the business of everyone,

yet of no one in particular, with the result that no united

action was taken.

In another district a community is in process of

organization. In this case it was necessary that an

agreement be entered into with two of the prior record-

holders for the use of their ditch. For some reason or

other the prospective members at one time reasoned that

the agreement should be first entered into, then the com-

munity formed. Finally, they were advised to see a

lawyer, who confirmed the advice of the department.

The difficulty in this instance is the agreement. The
record-holders did not fully appreciate their status and

the powers of administration under the Act. Under these

powers the administrators take the stand that it is not

in the public interest to permit construction of parallel

ditches, even on Crown land, where one ditch will serve

the same purpwse. These record-holders have been given

to understand that they must fall in line, and that any

system of rotation in use of water ordered will be en-

forced. .\s the same time they are assured that this will

work no hardship, since any order of rotation gives first

rights their due consideration.

Co-operation under the Water Users' Community
is proving of some assistance to the administration. To
illustrate this: a short time ago a landowner in the

Heffley Creek Valley wrote, enquiring if he could secure

a water right on Heffley Crock. He was advised to confer

with the Heffley Creek Water Users' Community. Their

answer being favorable, he wrote accordingly, which the

Water Rights Branch confirmed by writing the secretary

of the community. The result was that in due course

a right was applied for. Had this man applied in the

days prior to the organization of the community there

is not the slightest doubt but that there would have been

objections from all who already held rights. The appli-

cant and the objectors would have employed lawyers.

Il would also have meant considerable investigation by

the department before any decision could have been

arrived at. All the expense, litigation and delay that

these proceedings would mean was put to one side by
the community itself in one brief letter to the Comptroller.

There is just this to say in conclusion, that if the

Water Users' Community plan of co-operation is proving

a benefit to those who have taken advantage of it, it is

likewise proving of assistance to the water administra-

tion of British Columbia in satisfactorily disposing in

some cases of what have been contentious districts.

SOME MINOR PROBLEMS IN A HIGHWAY
BRIDGE DESIGN.*

By L. M. Hastings.

THE highway bridge at Walden Street, Cambridge,
over the main line of the Fitchburg Division of

the Boston and Maine Railroad, has a width of

42 ft. between sidewalk railings, and a length

between abutment bearings of 61 ft. This bridge, as

constructed in 1892, had two main steel plate girders

with steel floor beams carrying the floor joists of hard

pine. The floor was of 3-in. hard pine covered with

2-in. spruce. The sidewalks were carried on steel

brackets.

The railroad here has four tracks and is built on an

ascending grade going west. The clearance between the

rails and bottom chords of the bridge was only about

15 ft. 6 in. This brought the tops of the engine smoke-

stacks very close to the lower members of the bridge,

with consequent rapid loss of metal by the mechanical

effect of the blast, besides the chemical action of the

smoke and gases upon all exposed surfaces. Various

means were tried to protect the more exposed portions

of the steel members from these effects. A heavy coating

of asphaltic paint, cement mortar held with expanded

metal and heavy sheet lead, were tried with only in-

different success. Finally, the portions of the members
exposed to the direct action of the blast from engines

were covered with Ji-'m. plain oak sheathing, held firmly

in place with iron clamps, the sheathing first being

thickly covered on its upper side with a' paste composed

of red lead and Portland <ement. This was found to

work very w'cll, the oak sheathing showing surprising

resistance to the destructive action of the blast. Some
pieces of oak taken from the bridge after ten or twelve

*Read before the Boston Society of Civil Engineers.
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years' exposure showed a loss of not over '4' in. in

thickness.

The portions of the metal not so protected were, of

course, exposed to the continued action of the smoke
and gases, and continual repairs were necessary to keep
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Before the bridye was completed, the cOiiliactors

{ jr the paving rolled it with a tilieen-ton roller, passing
it repeatedly back and forth over the bridge. The de-
flection was so small as to be unnoticcable.

The second problem related to the best method of
covering the exposed sides of the two outer girders. They
are seven feet high, and to cover them with cast con-
crete was difticult unless the covering was made rather

thick. If the covering was cast thick enough to be prac-

ticable, the dead load was greatly increased. It was,
therefore, proposed to use the "Cement Gun" and apply

the covering only about two inches thick. When the bids

were received, however, it was found that the price de-

manded for the use of this method was excessive, due
to the unfavorable position of the surfaces to be treated

over the constantly passing trains beneath. It was sug-
gested that the "gunite" be applied to the girders at the

shop after they were fabricated, and that then they might
be shipped to the site on the cars. The contractors for

the bridge finally adopted and carried out this plan with
entire success. The two girders were given a covering
of "gunite" in the yard of the shops and were trans-

ported on cars to the site and the bridge erected without
starting a crack, so far as could be discovered. The
"gunite" forms a dense, firm covering, which seems to

adhere with great tenacity to even the smooth surfaces

of steel plate.

Where the railroad tracks pass under any of the

main or secondary members of the bridge, the bottom
flanges are protected with the oak covering already de-

scribed, and shown on the accompanying diagram.
Twenty-four of these oak coverings, each five feet long,

were used on the new bridge.

NOVA SCOTIA STEEL AND COAL COMPANY.

The chief impression gathered from an examination of
the financial statement for 191 5 of the Nova Scotia Steel and
Coal Company is that the management has taken advantage
of the favorable conditions in the steel industry materially
to improve the company's position. Current liabilities, for
example, were reduced from $2,622,723 to $1,866,378, a sub-
stantial decrease of $756,345- Liquid assets were increased
by $3,000,000, much of the gain being accounted for by an
increase of $2,238,284 in current assets, which now stand at

$5,015,890. An increase of $633,874 was made also in the
special reserve account, which now stands at $1,773,423. In
bills payable a heavy reduction was made. A year ago, they
totalled $1,785,000, and at the end of last year only $490,000.
The accounts payable, amounting to $1,108,938, are double
those of :gi4, a natural development in view of the fact that
the company probably has the largest payroll in its history.

The net profits for the year, after making the usual pro-
visions, were $2,094,169. With the balance of $57,466, from
the previous year, there was a total of $2,151,636 for distri-
bution. The sum of $36,309 was paid to the trustees for the
jjondholders on account of sinking fund and used by them
in retiring 5 per cent, bonds of the company. After making
that transfer and after paying bond and debenture stock
interest, and also one year's accumulated preference divi-
dends to December 31st, 1915, there still remained at the
credit of profit and loss account the sum of $1,510,609. This
is a balance greater by $:,453,i43 than that of a year ago.
The statement is obviously the best in the companv's history.
It indicates that Colonel Cantley, the president, his direc-
torate and staff have not allowed much to escape their notice
during the past year.

The Nova Scotia Steel and Coal Company holds 51 per
cent, of the stock of the Eastern Car Company. At the end
of the fiscal year of the latter company it had an undivided
balance of $250,455. Its profits since the end of its fiscal
year have amounted to $230,000. This gives to the present
time an undivided surplus of about $500,000. The company
has recently closed an additional contract for 3,000 cars, to
be completed in about five months' time.

ECONOMIC AND STRATEGIC ASPECTS 01 EN-
LARGEMENT OI- WELLANI) CANAL AND

OF CONSTRUCTION OF GEORGIAN
BAY SHIP CANAL.*

By R. W. Leonard, M.Can.Soc.C.E.

THIS is a most important subject for debate by the

Canadian Society of Civil Engineers, because it

involves vitally the probability of continued ex-

istence of our international boundary, as well as

the question of the economic expenditure of vast sums of

money, and because it is a question that should be solved

by civil engineers.

Internationally, the question involves the use of con-

stricted water-ways at Sault Ste Marie, St. Clair River,

Detroit River, Welland Canal and St. Lawrence River by

both peoples, some of which waterways are on one side

of the boundary and some on the other, and the effect of

such a condition in case of friction unhappily arising be-

tween Canada and the United States.

Commercially, the economics of the projects can be

compared with transportation by rail and with one another.

The expenditure involved and where it is spent, and the

effect of the expenditure upon the country as a whole, are

most important.

Civil engineers alone can make the surveys and de-

termine the physical possibilities of construction, the cost

of construction, and the relative engineering advantages

or disadvantages in the construction, maintenance and

operation, as compared with railway transportation on

the one hand, and the one canal project with the other on

the other hand.

This question is apparently of such wide scope, and
involves technical detailed knowledge of so great variety

that the writer submits it affords ground for much valu-

able discussion, which it is to be hoped will be elicited by
this admittedly imperfect and faulty paper, contributed

with diffidence but in good faith by the writer as his view.

The present canal system of commercial importance
consists of :

—

Sault Ste. Marie Locks:

—

I—on Canadian side 900' x 60' x 19' draft] .

I—on U.S. side 600' x 100' x 14' draft \
°eing

I—on U.S. side 800' x too' x 19' draft )
operated.

I—on U.S. side 1,250' x 80' x 24^' draft, opened
October 21, 1914.

I—on U.S. side expected to be ready in 2 or 3 years.

Channels in U.S. territory below locks in Sault.

Channels in Canada and U.S. in St. Clair River.
Channels in Canada and U.S. in Detroit River.
Welland Canal, including 24 locks, 270' x 45' x 14'

draft.

St. Lawrence canal system, 26 locks, 270' x 45' x 14'

draft.

After the War of 1812 the British Government

—

recognizing the necessity of having a line of communica-
tion for military purposes away from the boundary

—

canalized the Ottawa River from Montreal to Ottawa, and
the Rideau and Cataraqui Rivers from Ottawa to Kings-
ton for barges drawing five feet of water at a cost of
$3'9'")7oc» which system they subsequently gave to

Canada free of cost.

The Department of Railways and Canals has since
nearly completed the Trent canal system from Trenton on

•Paper prepared in 19 14, and presented in 1916 to the
Canadian Society of Civil Engineers.
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Lake Ontario to Georgian Bay, for barges drawing about

five feet of water at a cost to date (1914) of $13,611,035,

exclusive of interest.

These last two systems—however interesting to the

summer tourist as canoe and yachting routes—are not of

great economic or strategic importance under modern
conditions.

The cost, maintenance, operation and repairs for the

year 1913 being $309,822.65, and the tonnage passing

through (mainly pleasure boats, cord wood, lumber and

sand) amounted to 227,023 tons.

.About 1904 the Dominion Government (Public Works
Department) started a survey of the Ottawa-French River

route for the purpose of arriving at the cost of a 22-ft.

ship canal. The result is embodied in a very voluminous

report, dated 1908, including estimates as follows :

—

Total length of canal, 440 miles, 22 ft. deep, includ-

ing: Free navigation, 346 miles; improved channels, 66

miles ; excavated canal, 28 miles. Cost, $100,000,000.

The system is estimated to be capable of developing

1,000,000 h.p. on the direct canal route, and this estimate

might probably be doubled by figuring the power de-

veloped in regulating the tributary streams.

It is significant that about the same time the Depart-

ment of Railways and Canals commenced to make surveys

to determine the possibility of enlarging the Welland

Canal from the present 14-ft. draft to 30-ft. draft. These

surveys were completed in 1913 and the parliamentary

estimate for that year included $2,000,000 for the enlarge-

ment of the Welland Canal and $500,000 for canalizing

the French River from Georgian Bay to Lake Nipissing.

The total estimate of the cost of enlarging the

Welland Canal (26 miles) is reported to be $50,000,000,

probably two-thirds of which is expended in the United

States for fuel and machinery, and in various foreign

countries in the form of wages sent home by laborers.

The lift of 325 ft. is overcome by 7 locks of 46.5 ft.

lift, 800 ft. long X 80 ft. wide x 30 ft. draft.

The St. Lawrence canals enlargement has not been

surveyed and no information is therefore available to in-

dicate whether corresponding enlargement to suit that at

the Welland Canal is physically possible at any cost of

construction, and the people of Canada have not been in-

formed of any treaty with the United States sanctioning

such deepening of international waters with the probable

construction of international dams, etc.

During 1913-14 contracts were let for the construc-

tion of about 10 miles of the Welland Ship Canal, includ-

ing all the locks, at a cost of probably $35,000,000, and
the work of excavation is possibly half done.

Internationally considered, this question is of supreme
national importance, as involving such questions as

national defence and the very possibility of holding

Canada for the Empire.

In this connection, it must be borne in mind that New
York State is enlarging the Erie Canal from Troy to

Oswego and to Buffalo, from 6 or 7 ft. draft to 12 ft. with

a lock length of 311 ft., and width of 45 ft., to accommo-
date barges of 1,500 tons capacity,* and these canals will

open Lakes Ontario and Erie to formidable United States

war vessels, giving them absolute control of these lakes

at all times, unless Canada be supplied with similar

transport facilities apart from the boundary waters of the

St. Lawrence River from Kingston to Prescott.

The enlargement of the Welland Canal will also carry
a great preponderance of large United States steel

•Report of State Eneineer and Surveyor, 1013.

freighters into Lake Ontario, thus giving to that country
an undisputed control of that lake.

Canada has enjoyed a century of peace with her
powerful southern neighbor, and it is the wish of all good
citizens to enjoy another one, even avoiding in the coming
century such incidents as the "Trent Affair," the Fenian
Raids, Venezuela messages and the Panama Canal ques-
tion, and serious boundary disputes, fishery disputes, in-

ternational water power questions, etc., to say nothing of
United States Senate reports, 1889-1890 (Testimony of
Joseph Nimmo, Jr.), etc. Such questions having arisen
in the past, however, they will naturally arise in the future,
and the peaceful settlement of them depends largely upon
the temper and temptations at the time. So long as an
international boundary is to be retained, so long should
the policy of Canada be to preserve peace while safeguard-
ing her honor and interests.

It is not apparent to the publio that this canal problem
(probably Canada's most expensive commercial project
under construction) has been considered by the Canadian
people from the national point of view, though pamphlets
have been published ad nauseam by Boards of Trade of
various municipalities treating the subject in a spirit of

parochial politics, each exaggerating the advantages of

one route and the disadvantages of the other, the very
apparent incentive in each case being the expenditure of

public money on construction in the immediate vicinity of

the municipalities interested.

If the question be approached from a purely economic
point of view, it is probable that freight (and grain from
the prairies to the Atlantic seaboard in Canada is the most
important commodity at present) can most cheaply be
handled by rail from Winnipeg to Fort William and Port
Arthur, by ship to Georgian Bay, and by rail over a

direct line with easy gradients to Montreal, than by any
canal at present built or proposed. On this route the

C.P.R. has a double track from the West to Fort William
;

the G.T.P. and the C.N.R. have each a single track be-

tween the same points. The^e is a large fleet of United

States steamers engaged in the coal, grain and ore trade

on the lakes, and the Canadian fleet is growing rapidly.

The C.P.R. has a line with easy gradients from Port

McNicoll, on Georgian Bay, where it has built large grain

elevators, to connect with its Toronto-Montreal line, with

a view to carrying grain in competition with the canals,

and they probably have estimates of comparative cost

warranting the expenditure, even under the unequal con-

ditions that the traffic by the railway must pay interest,

depreciation and upkeep, while the government assumes

these enormous sums in the case of the waterways, mak-
ing the canals free to all ships alike, Canadian and foreign.

The people are educated to demand water transporta-

tion "to regulate rail freights," and to what extent a

larger canal than the present 14-ft. Welland-St. Lawrence

system will result in a reduction of rates is a question that

can be figured in many different ways with varying results.

Figures have been prepared by competent authorities

showing that the maximum saving in freight on wheat

from Fort William to Montreal by the enlargement of the

Welland Canal will be ^-^c. per bushel, which will amount
to $187,500 per year on 50,000,000 bushels—at a cost in

interest on $50,000,000 of, say, $2,000,000 per year plus

depreciation, upkeep and operation.

Return cargoes of coal are obtained in Lake Erie

ports. Probably few will contend that 14 ft. draft ships

are not economical for package freight from Lake Ontario

or St. Lawrence points.

It will be of interest in this connection to have a re-

port on the feasibility and cost from an engineering point
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of view of lengtlicniiig tlic existing locks on Welland and

St. Lawrence canals 100 ft., and the economic results of

such lengthening if it be practicable.

To analyze and compare the respective advantages
and disadvantages of these two routes.

Assuming that the government enlarges the Welland
Canal and proposes to canalize the French River to North
Bay only

:

The estimate for the enlargement of the Welland is

generally stated to-be $50,000,000; which amount at 4%
interest, together with amortization, upkeep and super-
vision of the two existing canals and the proposed canal,
may be estimated at another $1,000,000, or a total of

$3,000,000 per year, which sum is probably under the
inark unless all past experience in cost of government con-
tracts be reversed.

Assuming the distance from Port McNicoU to
Montreal to be 400 miles, and a paying freight rate to
be four-tenths cents per ton-mile, or $1.60 per ton, or 5c.

a bushel, then $3,000,000 per year would pay the rail

freight from Georgian Bay to Montreal on 60,000,000
bushels, which is much greater than the amount of grain
and flour shipped in the past from Montreal in any one
year, and 50% greater than the greatest Canadian tonnage
through the Welland Canal bound down in one year.

This enlargement of the Welland Canal will not
materially increase the water power development, as that
is regulated by international treaty and works out so that,
though Canada owns two-thirds of the water flowing over
Niagara Falls, she gets the use of only one-third of the
power development therefrom, the United States getting
two-thirds.

It is manifest that the only saving effected by enlarg-
ing- the Welland will be that effected by the difference in
freight rates between 2,000-ton ships from Port Colborne
to Montreal vs. 8,000-ton ships from Port Colborne to
Prescott, plus 2,000-ton ships from Prescott to Montreal,
estimated above at ^c. per bushel on wheat.

Oswego is about 150 miles nearer (by Erie Canal) to
Troy than is Buffalo, and, as the enlarged Welland Canal
will be, by treaty, free to United States ships, their largest
lake ships will deliver grain cargoes to 1,500-ton United
States barges at Oswego, in the New York State Barge
Canal for New York instead of into 200 or 300-ton barges
at Buffalo as at present, and thus compete with large
Canadian ships discharging into 2,000-ton barges at
Prescott or Kingston for Montreal.

In the past the little Erie Canal boats taking grain
from Buffalo to New York have been very keen compe-
titors against the St. Lawrence route. What will be the
result of the new conditions when in operation? It would
appear that the expenditure on the proposed Welland
Canal enlargement when completed will be quite as much
to the advantage of the United States as to Canada, and
durmg construction probably much more than half the
cost goes to the United States for coal and machinery.

The canalization of the French River to North Bay
to a depth of 22 ft., a distance of 82 '4 miles, is estimated
to cost $14,275,000, and would develop 35,000 h.p.*

It could bring coal and coarse freight to North Bav
for railway distribution, and return pulp-wood and
probably ores from that district, and partially develop a
lot of power for which there is probablv no immediate
market in sight, but the value of which will doubtless be
very great in a few years, if we judge from the phenomenal
increase in the use and value of hydro-electric power

•Report of Government Eng-inocrs, 1008.

during the past 20 years. Probably this cunsiruclion is

warranted only in anticipation of the completion of the

entire canal to Montreal.

Assuming that the appropriations in the estimates for

the Welland and French River works are preliminary to

the extension of each system through to Montreal

:

The Welland-St. Lawrence system (unless an en-

tirely new route inland to the north of the St. Lawrence

can be found) passes through international waters from
Kingston to Cornwall, and probably nothing can be done

toward enlarging this portion without international agree-

ment, including a natural demand by the United States

for a share of the power development, (loosely estimated

at 2,000,000 h.p. by some writers in the press).

Would the United States, having the free use of the

enlarged Welland to carry their big ships to Oswego (the

end of their Erie Canal) consent to the enlarging of the

St. Lawrence system to divert the trade from Troy and
New York to Montreal? What share of the expense
would they bear? What share of the power developed

would they demand?
Sufficient information is not available to indicate the

nature or cost of such an enlargement of the St. Lawrence
canals, to a depth of 22 ft.

In the case of the Ottawa-French River system, care-

ful surveys and estimates have been made by the Public

Works Department. The total length of the canal is 440
miles, of which 346 miles is free navigation, 66 miles in

improved channels and 28 miles in excavated canal.* The
cost is estimated at $100,000,000.* '

The system is estimated to be capable of developing

1,000,000 h.p. on the direct route* and 3,000,000 h.p., in-

cluding the tributaries! which probably within 20 years

will (if carefully conserved and utilized by the nation) be
worth from $20 to $100 per year per horse-power utilized

over the cost of production from coal, depending upon the

purpose for which it is used.

In the absence of authentic estimates and reports on
the St. Lawrence route, it is impossible to compare the

two routes as to practicability, cost, time of transit and
economy of operation. It is not known whether the St.

Lawrence enlargement is at all possible, due to interna-

tional questions. If it be possible, then the two systems
can be compared in regard to length and total height of

locking only.

From Lake Superior to Montreal the Ottawa route is

661 miles long, and the total lockage up and down is

780 feet.

The Welland-St. Lawrence route is 943 miles long,

and the total lockage is 578 feet.

Both routes pass through United States waters in the

St. Mary River. The St. Lawrence route passes through
contracted international waters at St. Clair River, Detroit

River and St. Lawrence River.

The deepened Welland-St. Lawrence Canal would be
found to have probably three times the length of actual

excavated canal and about the same length of restricted

river navigation, as compared with the Ottawa route.

Much has been written about fogs, rock-excavated
channels and sharp curves on the Ottawa route. .\ny

Canadian knows that the St. Lawrence probably suffers

quite as much as the Ottawa from fogs. About half of

the existing Welland Canal is in rock excavation and the

new canal will not have less. It is not known how much
of such channels the proposed St. Lawrence enlargement
will include. The Ottawa route has sharp curves, so has

*Report of Government Kng:ineers, igo8.
+Estimate of Government Enpineers, igo8.
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the Thames below London, and it is not known what
curves will be required on the proposed St. Lawrence en-
largement. There are, however, sharp curves in swift

currents in St. Mary River at Xeebish and other points.

Without surveys, the distances through restricted

waters cannot be compared and therefore neither the time
necessary to pass through, nor the dangers of navigation.

The St. Lawrence route is known to be longer and
will demand greater fuel consumption per ton of freight,

and probably more time in transit.

The weeks per year when they will be open for navi-

gation will probably not greatly differ, although the St.

Lawrence system would doubtless have a slight advantage
in this respect.

If, as shown above, the annual expense of enlarging

the Welland Canal alone would pay the freight on double

the quantity of wheat and flour at present carried per year

from Lake Huron to Montreal, it is unnecessary to prove

that (commercially speaking) neither scheme can be de-

fended as a canal solely. Without further information

they cannot be compared physically, nor is the possibility

of the St. Lawrence enlargement even sure.

Conclusion.—Pending the result of discussion the

writer cannot avoid the following conclusions :

—

(a) Neither canal system can be made, as a canal, a

commercial success.

(b) On account of the geographical position and

abundance of power capable of being developed along the

Ottawa-French River system, that canal and power de-

velopment (if undertaken by the government) can probably

be made a commercial success in a few years and will be

a very valuable asset in case of international disputes,

giving Canada a chance for defence on the Upper Lakes .

that she can never enjoy without it. This canal might be

considered by the Dominion Government on the same
Basis as colonization railways which have been freely en-

couraged all over Canada.

(c) The possibility of the enlargement of the St.

Lawrence system is as yet undetermined, as it requires

the co-operation of the United States.

(d) The cost and value of the power development

thereon is unknown as no international agreement, sur-

veys or estimates have been prepared.

(e) The enlargement of the Welland Canal without

a corresponding enlargement of the Welland-St. Lawrence
system will at least benefit United States quite as much
as Canadian interests, and it is questionable if it will not

divert trade from Montreal to New York.

(/) It will give the United States control of Lake
Ontario in case of international trouble, and be an im-
portant factor contributing to the probable loss of the

wealthiest and most populous part of Canada.

The Dominion Government has recently appointed a
com.mission to report on the proposed Ottawa Ship Canal,
which doubtless will add much to the present knowledge
of the commercial feasibility of this project, and it is to

be hoped of an alternative project of a 14-ft. barge canal.

It is to be hoped that it will also give some similar

information regarding the enlargement of the Welland
Canal and the proposed extension of the enlargement to
Montreal that will guide the government in deciding on
the wisdom of such vast expenditures of public money
before the projects are actually undertaken.

It is to be regretted that a similar commission had
not been appointed before the government committed the
country to the expenditure of several hundred millions,
on the simultaneous construction of two additional trans-

continental railways, and numerous other expensive
projects.

Note—The following figures are added for reference.
They have been taken from Canal Statistics, Depart-
ment of Railways and Canals, 1911, and Report of

Government Engineers on Georgian Bay Ship Canal,
1908. It is very difficult to get definite and accurate
information regarding water transportation costs,

which heretofore have not been obtained by the gov-
ernment, and some of these figures are subject to

correction ; especially those relating to freight rates,

insurance charges and interest, which are liable to

change from year to year.

Distances.—Fort William to Montreal (via Georgian
Bay Canal), 934 miles ; Fort William to Montreal (via

Welland Canal), 1,216 miles; Fort William to New York
(via Erie Canal), 1,358 miles.

Proposed Georgian Bay Canal (length) 440 miles

—

French River village to North Bay, 821^ miles; North
Bay to Montreal harbor, 357^^ miles. Free navigation,

346 miles
; improved channel, 66 miles ; canal excavation,

28 miles.

Canal Depths.—Proposed Georgian Bay Canal, 22 ft.
;

Welland-St. Lawrence Canals, 14 ft.
;
proposed Welland

Canal, 24 ft. ; Sauh Ste. Marie Canal (Canada), 20.2 ft.

;

Sault Ste. Marie Canal (U.S.), 16 and 20.5 ft. ; Erie
Canal, 7 ft. ; New York State Barge Canal, 12 ft.

Note—Excavation in St. Mary River, below the locks,

has materially reduced depths over lower sills below
figures in the above table.

Lockage.—Proposed Georgian Bay Canal, 27 locks,

758 ft. up and down ; existing Welland Canal, 26 locks,

326 ft.
; proposed Welland Canal, 7 locks, 326 ft. ; St.

Lawrence Canals, 22 locks, 207.5 ^'-
>

Erie Canal, 72
locks, 660 ft.

Rates.—Water rate on grain. Fort William to Mon-
treal, 4;^c. bushel. Water rate. Fort William to Buffalo,

Syic. ; rail rate, Buffalo to New York, 5j4c.—9c. bushel.

All water rate. Fort William to New York, 5.3c. bushel.

Note—Water rate Fort William to Buffalo is at times

as low as i }^c. per bushel.

Although distance and rates are in favor of Montreal,

diversion to American ports is due to the following

reasons : Availability of ocean tonnage at New York

;

lower ocean rates between New York and foreign ports

;

lower insurance rates from New York.
Insurance.—Montreal, 65c. to $1.10 per $100; New

York, I2}-2C. to 15c. per $100.

Cost of existing Canadian canals, Fort William to

Montreal, $80,000,000; interest at 3^%, $2,800,000;
maintenance and operation, $1,400,000; total, $4,200,000.

Water freight rate per ton-mile. Fort William to

Montreal, .163c.; interest and maintenance, .135c.;

total, .298c.

Government contribution, .135c. per ton-mile.

Welland Canal traffic, 191 2, 2,537,629 tons, of which
51% was Canadian and 49% American.

On the 51% of Canadian traffic the government con-
tribution would amount to .265c. per ton-mile, as com-
pared with a freight rate of .153c. per ton-mile.

Rail freight. Fort William to Montreal, on grain
0.421C. per ton-mile; water freight. Fort William to

Montreal, including interest and maintenance, 0.428c.
per ton-mile.

It will he seen that the all-water rate from Fort
William to Montreal, including interest and maintenance
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of canals, \voiild exceed the all-rail rale by .007c. per ton-

mile, based on the amount of Canadian trallic passing

throug:h the W'elland Canal, but in case tolls were charged

to meet those interest and maintenance charges, the United

States trallic would also have to contribute towards this

revenue, and the ton-mile charge for the all-water route

would be reduced to -^gsc. per ton-mile.

Government contribution does not include cost and

maintenance of harbors, lighthouses, buoys, etc.

THE CARE AND OPERATION OF QUARRYING
AND CRUSHING EQUIPMENT."

Bv R. M. Smith, B.Sc.

THE writer, in presenting this paper, wishes to deal

with the care of modern portable quarrying and
crushing outfits and the manufacture of road metal
as applied to county road systems. The first opera-

tion that confronts the superintendent in moving the

crushing outfit to a new location or opening a new quarry
is the stripping. If this is of considerable depth it de-
mands consideration. Earth is generally removed at

prices varying from 25 to 30 cents per cubic yard. Very
often, however, the work is exposed and no stripping is

necessary, and in this case the stone on the surface has
been subject to varying conditions of the weather, and as
a result should be culled from road metal.

Crushers are either of jaw or gyratory type ; those
used in Ontario are practically all of the jaw type and
particularly in portable outfits. Of first importance is

placing of crusher ; all other equipment depending upon
its location. Providing it is intended to work from sur-
face downward some arrangement must be made for
draining of quarry. If dump carts are being used, an in-

cline plane is necessary that material may be conveniently
moved to crusher. However, if quarry is on side hill and
can be opened from a face, the drainage problem is of
little importance. Material is moved from quarry face to
crusher along bed of quarry with little or no tractive re-
sistance. Operating a quarry on side hill from a face is

probably less expensive and more eflScient than any other
method. Work down hill, not up, should be the motto in
quarrying operations. Several quarries somewhat of a
permanent nature operating in the province have the
crusher below elevation of quarry face; narrow-gauge
tracks have been laid and stone is moved bv gravity from
quarry face to crusher in small cars holding from one to
two cubic yards. The tracks are placed so that crusher
can be fed from both sides at once or alternatelv, and as
a result jaws are always full. The crusher should be
placed as near quarry face as possible, but at sufficient
distance to prevent damage to equipment from flying
debris. It is well to emphasize setting of crusher on

• timbers, making it absolutely rigid. A crusher allowed
to operate while standing on its wheels is being hurried
to the scrap pile, and not only does not work efficiently,
but, due to axle bearings wearing, increases the traction
power necessary to haul along road. Equipment of all
kinds requires careful attention and good treatment. The
life of. machinery depends upon repairs quicklv made,
lubricants and oils not too sparingly used, adapting the
latter to the degrees of temperature—heavy oils in sum-
mer and light in winter. This demands particular atten-
tion, as the heavy oils will not run in cold weather, with

•Read before the Conference on Road Construction. De-
partment of Highways, Ontario, i()i6.

the result that bearings arc soon liable to be destroyed.

The prospective purchaser will do well to bear in mind

that bearings wear rapidly with the best of care and the

ease with which they are removed is a consideration.

Many manufacturers supply replaceable babbit bearings

which can be changed in a few minutes. Other facts that

should be borne in mind is the composition of jaws in

crusher ; manganese steel jaws are preferable, although

costing several times the price of ordinary jaws, but out-

wearing several sets of the latter and demanding practi-

cally no attention. The size is also very important ; a

crusher running one hundred yards per day is absolutely

essential. Manufacturers often insist that small size

crusher will run this amount, but generally the opposite

has been the result. Jaws approximately 12 in. x 16 in.

to 10 in. X 18 in. have been considered correct size.

From the crusher, stone is carried to screen by bucket

elevators. Little trouble has resulted with these; generally

with attention and proper application of lubricant to keep

running smoothly they will last as long as other equip-

ment. The screen demands consideration and attention.

Engineers and superintendents have in many cases pur-

chased screens having three sizes of perforations, in ^
in., i^ in. and 3 in. This gives a J^-in. to i }4-in. stone

which, when applied alone, seems more detrimental than

useful. The screen for limestone should contain two
sizes, 154^-in. and 3-in. respectively. Screens for trap

should be somewhat smaller, approximately i in. to 21^2

in. On many portable outfits the screen plates and ele-

vator buckets are made of too thin material to wear well,

the elevator buckets rusting quite rapidly. It is suggested
that sprocket wheels and bevel gears should be made of

manganese steel. The bin either of wood or steel with
wood lining, should have a capacity of about 20 cubic

yards, with three traps for loading stone into wagons.

The method of quarrying is particularly interesting.

Often stone in limestone quarry may be removed a num-
ber of layers in depth with little or no blasting, then rock

becomes firmer and powder or dynamite as a result be-

comes a necessity.

Drilling may be done either by hand, with steam or

compressed air. Probably the two first named are methods
most used in Ontario, although portable air compressor
plants must soon make their appearance. The cost per
foot of hole drilled bv mechanical means approximates
from 15 to 20 cents, using the ordinary tripod drill with

i}i and i^ bits, that by hand, from 35 to 45 cents.

Drills should be changed approximately every 15 ins.,

depending upon hardness of the rock. Dull steel makes
a poor cutting implement.

Steam or air is not only cheaper than hand, but saves

considerable man power, and work is carried on at much
faster rate. The amount of road construction work to be
done governs the size of plant and equipment that it will

be required to purchase. Providing steam or air is used
for drilling a portable boiler or air compressor is a neces-
sary part of equipment. Sometimes the tractor providing
power for crusher is of sufficient horse-power that it can
also run the drill and probably hoist as well. The objec-
tion to this is, however, that it increases weight of tractor
to an extent where it becomes cumbersome.

The explosive used to break up the rock which seems
to give the best results is gunpowder or low freezing

dynamite; they have a spreading and heaving action.

Mistakes are often made in regard to producing rock for

macadam. If the rock is hard and flinty a high explosive
breaks it into pieces or spalls full of flaws, and then addi-

tional fractioning in a stone-crusher renders it unfit for

heavy traflic, as it grinds down too quickly. A milder ex-
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plosive causes fewer small fractures, and the life of the

road is much prolonged.

Stone is generally moved from quarry face to crusher,

cither by dump cart, hoist or the old-fashioned wheel-

barrow. The hoist is probably the most ellicient, but in

most portable outfits this does not exist and dump cart

or wagon takes its place. Considering the latter two, the

dump cart is certainly to be preferred ; one horse will do
the work of a team. Two or three dump carts at most

can keep a crushing outfit working full capacity, with one

man driving carts and two men feeding crusher. Dump
carts are handy to handle in quarry, quick to unload, no
tiine being lost on crusher platform, and generally more
efiicient than any other method of moving material, except

probably in case of gravity method explained previously.

A raised platform should be built, slightly elevated

above the crusher mouth, making it convenient to shovel

in loose material and allowing the men to move stone

from platform to crusher jaws without being required to

lift it. The crusher should be run to its full capacity at

all times and special care should be taken to arrange out-

fit that material may reach crusher and be taken away
with the same speed. The efficiency of the operation of

the outfit depends upon crusher, and as a result it demands
greatest attention.

The traction engine to run the crusher will be required

to develop approximately 20 h.p. and probably more, pro-

viding it is required to run the drill and hoist as well.

We must not think when speaking of the portable

crushing outfit that its sphere of usefulness exists only in

the quarry ; far from it. Probably over 50 per cent, of

the metal being applied to roads at the present time con-

sists of crushed field stone or gravel. Field stone is used

extensively in parts of Eastern Ontario and the northern

counties, this stone being piled in winter convenient to

the road. This is an economical method ; labor is cheap
and teams more easily obtained at that time. The stone

should be piled in two rows, between which the outfit

operates, the crusher being fed from both sides. Granite

or trap boulders should never be broken with sledge after

they have been placed in jaws of crusher ; this not only

has a detrimental effect on machinery, but helps to de-

crease the output. Crushed field stone makes good road
metal, the only objection being its lack of uniformity.

Crushed gravel is a metal which may give excellent service

under medium travel. Pits containing coarse gravel which
would not be used in its natural state on the road may be

put through the crusher, fine and coarse together, and
separated in screens, as other metal. The only extra

equipment required is a wire dust jacket wrapped around
part of the 13-4-in. section of the screen. This wire jacket

of l^-in. size removes sand, dust and loam. This fine

material should not be used on the road surface.

A method of feeding crusher operating in gravel pits

which has found considerable favor in Western Ontario is

by elevator buckets as used in ordinary crushing outfits.

These bucket elevators are placed against bank of gravel
pit and operated from crusher, material being fed directly

into crusher jaws. Wheel scrapers are also used to bring
the gravel on to the elevated platform and are probably
as efficient as any other method. In this case, platform
IS built over jaws of crusher, and only one man is required
to regulate the feeding.

The life of a quarrying and crushing outfit depends
partly upon the local conditions, but principally upon the
kind of material it has to handle. Field stone generally
contains varieties of trap rock, limestone, sandstone, etc.,

all of varying hardness. The crusher operating under
these conditions would be subject to greater wear than one

working in quarry under practically no change. A crusher

working in limestone would have much longer life than

one in trap rock. Regardless of kind of material a crusher

will depreciate rapidly if not properly handled ; careful

management will practically double the life. It has been
estimated by some engineers that crushers will depreciate

probably 16 per cent, and entire plant about 10 per cent,

per season, but this, as stated above, depends entirely

upon conditions under which plant operates, and no hard
and fast rule can he made.

In conclusion, the different stages of quarrying opera-

tions have their own importance; stripping, drilling, con-

veying material to crusher, operating crusher with its

equipment, all are a special problem in themselves. It is

only after years of experience that a man becomes
acquainted with all the kinks in quarrying and manufac-
turing stone. Efficiency in loosening material, in getting

it to crusher and to wagons, mean low cost of road con-

struction.

MONTREAL SEWAGE SUIT SETTLED.

In connection with city drainage into the Little St.

Pierre River, a long-standing controversy between the

city and the Harbor Commissioners has been settled in

which the former's claim against the Harbor Board for

$150,000, representing the cost of a new sewer, was
dismissed.

The city, in its plea, submitted that it had, by law,

an absolute right to conduct its sewers to the river; that

the works executed by the Harbor Board, since 1890,

were the sole cause of the nuisance leading up to the

present case, and that in consequence the harbor authori-

ties were responsible for the costs of effecting a remedy.

The Harbor Commissioners on their side denied that

the city, either by common or statutory right, had

authority to drain the waters from its territory into the

river, and urged that if a nuisance resulted from this

being done, it was the city's responsibility to effect a

remedy. Even if it were to be admitted the city enjoyed

the rights claimed, and even though the nuisance might

have resulted from alterations in the harbor, the Harbor
Board could not be held responsible, inasmuch as the

works had been executed imder the orders of the Federal

Government.

Justice Martineau said the city had the right to drain

into the River St. Peter, and from thence into the St.
'

Lawrence, sewage from its territory ; but, at the same
time, it was witTiin the rights of the Federal Government,
which controlled the harbors, to execute in the port of

Montreal all the works it believed necessary, and even, if

these works rendered the city's drainage impossible in

those places, neither the Government nor the Harbor
Board, to which it delegated the execution of these works,

would owe any indemnity to the city. It devolved upon
the city, and the city alone, to effect a remedy to any ex-

isting nuisance by placing the outlet of its drains lower

down the river. Therefrare the city's action was dismissed.

Incidentally, the harbor commissioners questioned the

legal right of the city to drain into the river, but on this

point the judge's ruling favored the city. Municipalities

bordering on a river, he said, could conduct their sewers

into navigable rivers in virtue of the right which every

subject enjoyed of making such use of these waters as

was not incompatible with their natural and public desti-

nation. But when it came to a question of conflict be-

tween the municipal and harbor authorities, as had arisen

in the present instance, his Lordship found that the Gov-
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ernment, as the ooiUrolling authority over the harbors,

had the right to carry out such works as were deemed

necessary without considering what effect they might

have upon the city's drainage system in that harbor. If

any nuisance resulted the city must effect the remedy and

pay the entire cost.
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I COAST TO COAST |
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Toronto, Ont.—The Hydro-Iiadial Commission com-

pleted plans for a Toronto to Niagara Falls line.

Vancouver, B.C.—A prominent engineering firm is

investigating ihe possibilities for the establishing of a

modern steel producing plant.

Port Arthur, Ont.—The waterworks system has been

transferred from the city council to the Utilities Commis-

sion as a measure of economy.

St. Thomas, Ont.—The annual report of the Hydro-

Electric Compan) shows a surplus of over $9,000 after

deducting depreciation charges.

Fredericton, N.B.—The St. John's River Interna-

tional Commission report, which has been in preparation

intermittently since 1909, is completed.

Victoria, B.C.—The Saanich waterworks are now in

possession of the council. The water was turned into the

Saanich mains for the first time on February 18th.

Edmonton, Alta.—According to statements just com-

piled by the provincial government, the province has had

326 miles of railway constructed during the year of 191 5-

North Vancouver, B.C.—The co-operation of Van-
couver is sought by the Board of Trade in efforts to secure

the establishment of copper and zinc smelters on the north

shore.

Quebec, Que.—The Civic Health Committee, after in-

vestigating schemes for the purification of the city's water

supply, recommended the adoption of a sterilization

system.

Toronto, Ont.— .'\t a meeting of shareholders of the

Consolidated Mining and Smelting Co. it was decided to

purchase the entire stock of the West Kootenay Light and
' Pov/er Co.

Winnipeg, Man.—The sixth annual report of the

Manitoba Good Roads Association shows that 265 miles

of roadway were constructed under the Good Roads Act

in 1915.

Edmonton, Alta.—At the convention of the Alberta

Association of Local Improvement District and Rural

Municipalities the formation of a Good Roads Commission
was urged.

Calgary, Alta.—It is expected that when the audi-

tors have gone over the accounts of the municipal plant

the cost of paving done last year will be $2.50 or more
per square yard.

Edmonton, Alta.—It is announced that the last spike

in the construction of the Grande Prairie branch of the

Dunvegan and Fort McMurray Railway will be driven

on March 15th.

Winnipeg, Man.—Legislature proposes spending

$25,000 investigating road conditions in the north.

Dauphin will be the headquarters of the engineer in

charge of the work.

Hamilton, Ont.—It is announced that the Canadian

Northern will build a fast steam line from Toronto to

Hamilton, and will drop its electric railway scheme, pro-

vided it is given greater bonding power.

Victoria, B.C.—The Department of Lands, Foresls

Branch, recently sent some fir and cedar ties to the Great

Eastern Railway Company of England, who carried out

tests which demonstrated the superiority of Douglas fir.

Mimico, Ont.—A joint meeting of ratepayers of

Mimico, New Toronto, and Etobicoke will be held at

which the municipalities will endeavor to decide on what
terms they will agree to the completion of the Toronto-

Hamilton highway.

Hamilton, Ont.—Although no action was taken by

the Board of Trade at their special meeting, the argu-

ments presented would indicate that the consensus of

opinion strongly favored building an up-to-date steel

bridge in place of the proposed fill over the marsh, con-

necting up the Toronto-Hamilton highway.

Sarnia, Ont.—F. A. Dallyn, provincial sanitary en-

gineer, Toronto, reported to the council on Aid. Thomas
Langan's scheme for supplying the city with a pure water
supply. It was pointed out that the changing shore line

and the high temperature of the water where Aid. Langan
had planned to have the intake, would condemn the plan

from a sanitary standpoint.

St. Thomas, Ont.—The Elgin County Council decided
to pass a by-law to take advantage of the provision of the

Highways Improvement Act in order to build good roads
throughout the county. The by-law is not to become
operative until January i, 1917, and in the meantime a

comprehensive plan will be prepared for designating the

roads and the amount of improvements required.

THE WORLDS SUPPLY OP POTASH.

For many years past the world's supply of potash has
been in German hands owing: to the fact that Germany
possessed the enormous potash deposits of Stassfurt, which
could produce potash more cheaply than any other locality in

the world. The seriousness of this position is evident, since
potash is an indispensable constituent of manures, without
which modern agriculture could not be continued. In this

respect the supply of potash is a matter which concerns every-
one. Similarly, many British chemical industries, such as the
manufacture of soft soap, alum, bichromates, g'lass, etc., de-
pend for their continuance on supplies of poatsh.

In spite of the German potash monopoly the manufacture
of potash compounds from other sources has lingered On in a

small way in Scotland, Norway, France, Japan, Russia, and
elsewhere, and in the last few years Italy and the United
States especially, have endeavored to utilize new sources
under their own control. Quite recently new deposits of salts

somewhat of the Stassfurt type have been discovered in Spain
and India.

The chief characteristics of manganese steel were sum-
marized in a paper read before the International EngineerinK
Congress, as follows: This steel usually contains 10 to 13

per cent, of manganese and approximately i per cent, of

carbon. It is practically nonmagnetic and has a peculiar

hardness, to which it owes a remarkable resistance to

abrasion. It is extremely difficult to machine. It has high

strength and toughness, but relatively low elastic limit. With

care it can be forged and rolled. It has found its principal

application in castings for crushing and grinding machinery

and railroad crossings. Manganese steel has the peculiar pro-

perty of being toughened and softened by quenching in water,

resembling copper in this respect. All manganese steel cast-

ings are subjected to this treatment to remove brittleness.
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NEW ESTIMATE FOR CONSTRUCTION OF THE
TORONTOHAMILTON HIGHWAY.

Going into the history of the question as far back

as the inception of this great work in the autumn of 1914,

we find that the main object of the undertaking was at

that time to give work to thousands of unemployed who
otherwise would, to a greater or less extent, become a

public charge. It was also thought that the work, which

had been talked of for some time, could be done much
cheaper at this stage owing to the abundance of labor.

The latter, however, proved a fallacy, as the cost of labor,

which was expected would have been less than 20 cents

an hour, amounted to much over this.

The type of construction chosen originally was a two-

course concrete centre, 16 feet wide, with shoulders of

stone 4 feet wide on each side, making 24 feet of roadway.

The estimate of $600,000, as called for in the original

pamphlet, did not take into account expenses of manage-
ment, and plainly stated so. This item has been estimated

at $56,000. In reference to the original pamphlet, one

also notes the extremely low estimate for grading and

ditching. Such an estimate could only have been ap-

proached in actual construction cost by a mere skimming
of the surface.

The provincial highways engineer, when reporting

on the original scheme, stated that the road could possibly

be built for $650,000, exclusive of the cost of bridges and

culverts, which item in the new estimate amounts to

$88,000.

The Workmen's Compensation Act, which came into

force since the work was started, is responsible for an

additional $14,000. An item of $90,000 due to the em-
ployment of relief labor has been the cause of considerable

discussion in the daily press, which is entirely uncalled

for and not fair to either the employers of the labor or the

laborers themselves, who for the most part were men who
had been used to almost any other kind of work than pick

and shovel work, and who, as before stated, would have

been receiving help from the municipalities and not doing

any work in payment if they had not been employed on

the construction of the road. This item for $90,000 also

accounts for the extra grading occasioned by cutting down
the gradient and eliminating curves. Losses due to the

inclemency of the weather are also chalked up to this

account. Such additional costs as these would have been

incurred by any contractor.

It was decided, after careful investigation and study,

to change the concrete centre of the road to 18-foot width

in place of 16 feet, as originally allowed for, and to sub-

stitute a 3-foot earth shoulder in place of a 4-foot stone

shoulder. For this the commission accept the full re-

sponsibility. The estimated cost of this increase of 2 feet

is $72,000.

These added items bring the estimated cost of the

road up to $920,000. .Admittedly it is high, being ap-

proximately $23,000 per mile, but if it means a really good
road, and there is no good reason to doubt that, then it

fulfils its purpose, and all interests should be satisfied.

The foregoing briefly accounts for the added cost of

the road.

Up to October 31st, 1915, over $275,000 was paid

out for labor, of which almost 50 per cent, went to citizens

of Toronto. It is altogether likely that a goodly propor-
tion of this is money that otherwise would have been ex-

pended in relief to these same citizens, not only of Toronto
but of all the interested municipalities.

The commission has proposed a deviation of the

road through part of York county. The reason for this is

to leave undisturbed a 2-mile section of concrete roadway
which would have to be torn up, as it could not withstand
the heavy traffic of an inter-city road. .Another reason is

that the Lake Shore Road is not wide enough between the
Humber and Etobicoke, being only 38 feet wide in some
places where a width of 66 feet is required. This was not
known at the time the Lake Shore route was decided on,
and it would not be fair for the citizens of other munici-
palities to have to pay for this extra land. If the munici-
palities interested do not purchase the extra land then the
commission should be allowed to choose an alternative

route.

HYDRO-RADIALS IN PERIL.

The success of the h3-dro-electric railway scheme
which was voted on this year seems to be somewhat in

jeopardy, at least it will be if bills for extension of

franchise of several Ontario electric railways are passed.

One of these roads—the Toronto and Hamilton Railway

—

was incorporated in 1903 with a capital stock of half a

million dollars. The company was given the right to con-
struct a line of railway from a point in or near the city of

Toronto to a point located near Hamilton. .Among other
concessions, the road was given power to buy or make
agreements with a number of smaller companies. The
road had bonding powers of $35,000 per mile.

The time for completion of the road was later ex-

tended to two years to commence and five years to com-
plete. In 1906 the name was changed to the Toronto,
Niagara and Western Railway, and capital was increased

to six million dollars. It was given further power to enter

into agreement with the C.P.R., G.T.R., and half a dozen
Mackenzie lines. Time for construction was extended two
years and again in 1909 a further extension of five years

to complete the road was granted.

.Another road—the St. Catharines and Toronto Rail-

way—was incorporated in 1899 with a capital of one
million dollars. In 1902, extensions of time were granted
to several of its branches, and in 1905 the Toronto end of

it was granted a further threa years. This company also

increased its capital to three million dollars and several

more extensions were granted, bringing the time of com-
pletion up to 1915.

Now both companies are pleading for further ex-
tensions, their arguments being that they are unable to
commence construction owing to the financial depression.
But the same government granted them extension after

extension before the war was on and they had no such
excuse, so why should they be granted it now? The rights

of the people should be respected ; they have votetl for

hydro-radials and they are entitled to them. If the com-
panies had built their lines as empowered bv their

franchises it is altogether likely that the hydro-radial

scheme would never have been brought up.
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PERSONAL.

J. D. McARTlIUR, raihoncl coniiaclor of Winnipeg,
will join llie board of llie Winnipeg lilcclric Railway.

P. \). ROSS, of Ottawa, was named by the Provincial

/lydro-lilcclric Commission as its representative on the

Ottawa Hydro-liiectric Commission.
W. G. M.ACKENDRICK, until recently with the

Warren Uitimiinous Paving Co., is now a captain in the

British army doing roadway work at Canadian head-

quarters.

H. P. BORDIiN", C.IC, has been appointed a member
of the government commission in charge of construction

of the new Quebec Bridge in place of C. C. Schneider, of

Philadelphia, deceased.
,

M. M. INGLIS, of Winnipeg, has been appointed

manager of the Port Arthur Electric Railway system and
entered upon his new duties on February 1st. Mr. Inglis

was formerly superintendent of the electric light plant at

Yorkton, Sask.

H. F. WARDWELL, formerly home office manager,
has been appointed general sales manager of the Detroit

Steel Products Company, effective February ist. He
succeeds Mr. P. A. Smith, who recently resigned to enter

another line of business.

CHAS. J. CROWLEY, well known in Toronto as a

railroad engineer, and E. H. 1>TTZHUGH, formerly vice-

president of the Grand Trunk Railway, announce the

formation of the Fitzhugh-Crowley Corporation, engineers

and contractors, specializing in railroad work, with offices

in New York.

OTTAWA BRANCH, CANADIAN SOCIIiTY 01-

CIVIL HNGINHHRS.

OBITUARY,

ARTHUR P. SCOTT, engineer for the Snider
Electric Furnace Co., died in Montreal recently. Mr.
Scott was a graduate of McGill University in both arts

and engineering. For some time after graduating he
served on the staff as a demonstrator in science. Other
firms with which he has been connected are : the Dominion
Iron and Steel Co., and the the General Electric Co. He
was 39 years of age. The news of his death has caused
widespread regret in engineering circles.

ONTARIO LAND SURVEYORS.

Following are the officers elected for 1916 for the

Association of Ontario Land Surveyors at their recent

meeting in Toronto: President, Mr. C. J. Murphy; vice-

president, Mr. James J. MacKay, of Hamilton; secretary-

treasurer, Mr. L. V. Rorke ; member of council and man-
agement, Mr. T. D. Lemay (two others to be elected by
ballot); auditors, Messrs. A. E. Jupp and D. D. James.

EDMONTON BRANCH. CANADIAN SOCIETY OF
CIVIL ENGINEERS.

At the last meeting of the branch, held on February
l6th, Mr. L. A. Thornton, C.E., addressed the members
on "The Development of the Mountain Park Coal Fields."

Mr. Thornton described the development of this field,

which is situated 75 miles south of Edson on the G.T.P.
He illustrated by numerous slides the various interesting

features at the collieries as well as the wonderful natural

scenery of the Rocky Mountains in that vicinity.

At a recent Managing Committee meeting of the

Ottawa Branch of the Canadian Society of Civil Engineers,

the following names were selected for submission to the

Council of the Society at Montreal, in connection with

representatives for district No. 4 on the special committee
authorized at the recent annual meeting to consider ways
and means of advancing the prestige and usefulness of

the Society: Messrs. [ohn Murphy, G. .\. Mountain,

James White, J. B. Challies, Col. W. P. Anderson, J. B.

McRae, C. R. Coutlee, S. J. Chapleau, R. deB. Corriveau,

and G. B. Dodge.
Of these names Messrs. White, Challies, McRae and

Coutlee were unable to act, so that the three representa-

tives for district No. 4 will be selected from Messrs.

Murphy, Mountain, Anderson, Chapleau, Corriveau and
Dodge.

At the request of the Managing Committee of the

Ottawa Branch, Col. Maunsell, Director-General of En-
gineering Forces in Canada, has arranged a provisional

school for officers desiring to qualify in military en-

gineering.

The course consists of infantry training on two after-

noons and one evening and lectures on military engineer-

ing on one evening each week. As a majority of the

members are taking advantage of the course, it has been

decided to discontinue the evening meetings of the Society.

Lectures delivered so far have been on "Military

Bridging," by Lieut. Fellowes ; "Duties of an Engineer-

ing Corps in the Field," by Col. Maunsell, and a paper

on "Military Discipline," by Capt. Parker, who has been

invalided home for some time.

CALGARY BRANCH. CANADIAN SOCIETY OF
CIVIL ENGINEERS.

H. B. Muckleston, M.Can.Soc.C.E., has been nomi-
nated by the Calgary Branch and endorsed by the Edmon-
ton Branch as one of the members representing district

No. 6 on the committee to consider ways and means of

advancing the prestige and usefulness of the Society, in

accordance with a resolution adopted at the last annual
meeting of the Canadian Society of Civil Engineers. Mr.
Muckleston is a past chairman and at present member of

the Executive Committee of the Calgary Branch. He has
always taken an active interest in the affairs of the Society

and will, if elected, make a valuable member of the

committee.

VANCOUVER BRANCH, CANADIAN SOCIETY OF
CIVIL ENGINEERS.

At the regular monthly meeting of the branch, H. K.
Dutcher addressed the members on the construction of the

power plant at Kamloops. Lantern slides showing the

character of the country and progress of construction of

the plant explained more about this work.

COMING MEETINGS.

THIRD CANADIAN AND INTERNATIONAL
GOOD ROADS CONGRESS AND EXHIBITION to be
held at Sohmer Park, Montreal, March 6, 7, 8, q and 10,

1916. General Secretary, Geo. A. McNamec, New Birks

Building, Montreal.
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THE CONSTANT ANGLE ARCH DAM
A NE\\" TYPE OF DAM IX WHICH THE ARCH TAKES THE GREATEST
PORTION" OF THE LOAD, EVEN CLOSE TO THE FOUNDATION.

THERE is a new type of arch dam to which more
than ordinary interest is attached, on account of

several new features introduced for the first time

in the design. These features accomplish a double
purpose. They introduce great economy and tliey also

make it possible for the arch to take the greatest portion

of the load acting as an arch even close to the foundation.

So far, the greatest objection of engineers to the use

of a pure arch dam has been that this kind of dam as

ordinarily built can not deflect enough at and near the

bottom to take the load on the arch. Most of the load

here has to be taken up by shear and cantilever action,

and therefore material sufficient for this purpose must be

provided. In the new type of arch the length of the up-

stream radius decreases at a more or less uniform rate

from the crest towards the foundation. In the ordinary

type of arch dam this length is kept constant, or in case

the upstream face is provided with a batter, this length

increases from the crest towards the foundation. That
this difference in the length of the upstream radii of the

two types has an important bearing upon the economies
of the design should be easily realized, when it is con-

sidered that the thickness of the arch dam section is pro-

portional to the length of the upstream radius at any ele-

vation and that the crown deflection is practically pro-

portional to the square of the length of the upstream
radius. Therefore, the smaller the length of the upstream

radius, the smaller the required thickness and the arch

deflection. This is of especial importance towards the

bottom of an arch dam.

Leaving for a later article the description of two par-

ticular dams of this type already in service, the general

calculation of arch dams will be given here with especial

reference to the type referred to.

In order to obtain a preliminary dam section for any
given darn site the simple formula

P X R^t=^^— - - - (I)

can be used for finding the thickness of a sufficient number
of arch slices at different elevations ; and by superimpos-
ing these slices upon each other the dam section can be
formed. In this formula t equals the thickness of the dam
in feet at any given elevation ; P equals the water pressure

in pounds per square foot ; Rt, equals the length of the

upstream radius in feet and q equals the average stress

in pounds per square foot of the area of the dam section

(Fig. i).
_

From (i) it is seen that the thickness, and therefore

the area of the dam section varies in direct proportion

with the radius. The volume of concrete in any arch dam
is equal to the area of the section times the length of the

mean arc. The length of the mean arc can be expressed
as the length of the mean radius times the subtended
angle in terms of

- or F = area x Rm x 28 -
(2)

where 2^ is the subtended angle.

The mean radius Rm equals half the width IF of the

span divided by the sine of half the subtended angle (Fig.

i). Thus

R^^^ 4^ - - - (3)

Fig. 1.

."Vs the area of the section is proportional to the
radius (both to Rm and Rm), (2), for the volume of masonry
can be expressed thus

:

(y.WY X 26 K X e

^ = ^ " sin'^ = ^m^ - (4)

where C and K are constants, the latter depending upon
the width of the canyon.

According to (4) the volume varies with th^ term
9

,
'

. . .—
. , - . The differential coefficient of this term equated
sm » '

to zero gives the minimum for a central angle of 133°,

which means that any horizontal slice of the dam has the

least volume when 2* = 133°. In other words, the dam
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contains a minimum amount of malcrial when the central

angle is kepi 133° at all elevations.

The cur\e in Fig. 2 shows this graphically. The
abcissas represent the central angle 2O and the ordinates

represent the term
sin" 9

, the latter being proportional

to the volume of masonry. In addition to showing the

point of maximum economy, this curve also shows that

as long as the subtended angle is kept above 1 10° the

variation in the amount of masonry is very small, but

below 110° the volume increases rapidly. Most all dam
sites are narrower at the bottom than they are at the crest

elevation ; therefore, in order to place the material in the

dam most economically, it is necessary to change the

length of the mean radius of the dam continuously from

the bottom to the top corresponding to the change in

result, and the slrurture would be overhanging, which ib

impractical.

Whenever a certain thickness must be provided to

prevent overhanging, it is most economical to increase

the length of the mean radius above that corresponding

to a central angle of 133° for the reason that a flat arch

requires less material than a more curved one of the same
thickness.

In the foregoing the thickness of different arch slices

at different elevations have been determined, from (i), as

if all the load were taken by the arch and the dam had no

gravity action at all. How safe a dam would result de-

pends primarily upon the iinit compression allowed when
using (i) for finding the thickness at different elevations.

This design, however, w-ould in most cases prove to be

weakest in the middle, for the same reason that a long

JflfanRadiuS'.Sw SOg/ui

/eo' /SCf MO /30° /zo° //o°

SS/Sm jrP'Jw .6/OSw

ao 7r> eo- so *o

/./S3w /.46ZW

Fig. 2.

width of the site, so as to keep the subtended central angle

constant. In practice it is seldom possible to keep this

angle exactly constant. It is a mere ideal condition, but

one should try to bring practice as close to theory as

possible in designing the arch.

To prevent upper portions of the dam from overhang-

ing lower portions, it will be necessary to have the thick-

ness of the section increase from the crest towards the

foundation. The proportional increase in water pressure

must therefore be greater than the proportional decrease

in length of the upstream radius towards the foundation.

The ratio of increase in water pressure is always fixed,

and the ratio of decrease in the length of the upstream

radius depends upon the slope of the canyon sides. If

these slopes are such, that at any intermediate elevation

the ratio of decrease in length of the upstream radius has

been greater than the ratio of increase in water pressure,

a decrease in thickness of the dam at this elevation would

column held at both ends is weakest in the middle and on

account of having highest cantilever stresses here. When
ever t is small compared w'ith 7?u, the arch, when loaded,

is practically a long column in compression, and the length

of the arch should therefore not be over 25 times its thick-

ness if the material is to be highly stressed. It is true

that this circularcolumn is supported to some extent along

one side, but this added stiffness may be largely offset by

the fact that the water may not soak through the upstream

face uniformly, i.e., the effect of the water pressure would

in all probability be unsymmetrical about the centre line

of the dam. On a high, comparatively thin arch dam
section, the resulting compression due to cantilever action

and weight of material above may become excessive near

the foundation requiring some additional material along

the downstream f.-irc towards the foundation. The thick-

ness of this added material should decrease vertically from

a maximuin at the foundation to zero at some higher ele-
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vation and horizontally from a maximum in the middle,

or the point where the deflection is a maximum towards
the abutments. The thickening of the dam in the middle

to take care of cantilever stress also stiffens the arch

materially, considering it as a curved beam. It acts as

such to a large extent towards the foundation where t is

large compared with Ra.

Before attempting to find what proportion of the load

is carried by the arch and what proportion is carried by

the cantilever it must be determined how much of the

total load is carried by the initial stresses in the arch.

By initial stresses are meant stresses principally due
to the weight of the structure and to the water pressure.

Therefore, these stresses reach their maximum values at

or near the foundation and are zero at the crest. They
have not been much discussed so far, but are very im-

portant and should be taken into consideration when at-

tempting to find the actual division of load between arch

and cantilever. When a body is compressed the dimension

in the direction of the compressive force becomes smaller,

but in other directions the body swells if free to move
(lateral strain). The ratio of lateral to longitudinal strain

for concrete has been taken in the following

calculations.*

Any horizontal layer of material will have to sustain

compression corresponding to the height of masonry
above it and will therefore actually become shorter in a

vertical direction and have a tendency to expand hori-

zontally. If the abutments are unyielding the arch may
be prevented from actually becoming longer, in which

case axial compression is introduced the same as if water

pressure acted upon the structure.

If the specific gravity of the concrete for the dam is

taken at 23 and the height of the dam H, then the average
2-1, H

vertical pressure can be expressed as —^^
; where a is

the ratio of total height of dam to height of a rectangular

wall having the same sectional area and the same base.

The ratio a is known as soon as the section is known, and
in dam design the section must be more or less determined

before final calculation can be made.

The dam section in Fig. 3 has an area of 9,668 feet,

a base width of 70 feet, and a height of 250 feet. The
height of masonry column causing the mean vertical

, . 9668 „ .
, 250

pressure is, therefore, = 138 feet and a = —

—

70 138
= i-8i ; making the mean vertical compression upon the

foundation in terms of head of water equal to —^-r— =
i-8i

1-27 H, with no water pressure upon the upstream side.

The condition of full reservoir introduces an additional

force, viz., the radial water pressure, tending to compress
the dam body in a direction perpendicular to the direction

of the compressive force due to the weight of the body.

At the bottom of the dam this force is equal to H in case

the water is standing to the crest of the dam. In this

case the radial water pressure tends to counteract the

swelling of concrete in an up and downstream direction

(due to the weight) thereby introducing additional initial

axial compression. The total resulting initial axial com-

•Prof. C. von Bach has been kind enough to make some
tests for the writer to determine m for concrete 1:2:3. He
found for .specimens 45 days old, using- between o. i and 24
kg. per sq. cm. compression, m to be 5.3. See also Bach's
F.Iastizitat und FestiRkeit, 5 Auflag-e Seite 301. Considering
that large stone will be embedded in the concrete in most
dams the factor 5 has been used for ni as probably represent-
ing- most closely actual condition =;.

pression at the foundation of section shown in Fig. 3 is

therefore (in terms of head of water)

:

1/5 (1-27 H + H) =: 0-454 H -
(5)

where Poisson's ratio has been taken equal to 1/5.*

The height of water, h, that this initial axial com-
pression of o 454 H will resist without causing any shorten-
ing of the length of the arch at the bottom can be found
by using (1), thus:

h = 0-454 fi ^— - - - (6)

/.roo,oooLhs.

Fig. 3.

For the narrower section, shown in Fig. 3, i = 70-

feet at the base and i?a = 75 feet. Substituting these
values, it is seen that this section at the very bottom is

able to carry h = 0454 x H x - = 0425 H, or 42-5
75

per cent, of the total head of water as an arch before any
shortening in the length of the arch occurs.

*Mr. H. Ballet was probably the first to point out the
necessity of taking Poisson's ratio into consideration whci
attemping to find the actual stresses in a dam body.—Proceed-
ings of the Institute of Civil Engineers, igoc). Page 51.
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The initial axial compression holds in equilibrium the

stresses due to 42 5 per cent, of the total head at the

bottom, the remaining 575 per cent, of the load will

divide between cantilever arch and curved beam action in

proportion to their relative carrying capacity.

By analyzing: (6) it is seen that by simply varying t or

Ra, or both, the designer can utilize more or less of the

initial stress to carry the load. If the base thickness in

Fig. 3 is increased from 70 feet to 110 feet and the thick-

ness increased correspondingly at higher elevations, the

initial stresses will be able to support at the foundation

0-4 X H X = 0585 X H, or 58 5 per cent, of the
75

total water pressure before any shortening in the length

of the arch occurs and before additional axial compression

is introduced.

Fig. 4.

When the arch, however, becomes very thick in com-
parison with its length, the load is carried more by curved

beam action than by ordinary arch action.

The dam shown in Fig. 3 was designed with varying

radii to keep the central angle of the arch as nearly con-

stant as possible at all elevations. For comparison, a

section is shown in Fig. 4, using the same unit compres-

sion except where the section is wider than a gravity

section near the foundation and the same upstream face

batter, but a single common centre as ordinarily used for

both upstream and downstream faces. For this section

the length of the upstream radius is also variable, but it

increases towards the bottom and reaches here a value of

322 feet. (See tables of lengths. Figs. 3 and 4.) The
initial stresses in this dam will resist 20% of the head of

the water at the bottom. It is, therefore, easily seen that

the constant angle arch is much more effective in utilizing

the initial stresses to carry the load than is the ordinary

arch dam struck from a single centre. If a gravity section

is insisted upon for the arch, but the central angle kept

as near constant as practicable it will be possible for the

gravity section to take up the greater part of the load

acting as an arch and curved beam. The factor of safety

has thereby been largely increased.

For finding the arch deflection the following formula

has been used

:

Do =

where Pi = p

C Co X P, (upstream radius)

Et (7)

Rm
and C Co is a factor which takes the

curved beam action into consideration and can be directly

found from Fig. 5.*

Formula (7) has been used for finding the deflection

curves A and B (Fig. 6) of the two sections, Fig. 3, (base

110 feet), and Fig. 4. Formula (6) has been used for

correcting these curves A and B to take the effect of

lateral strain into consideration. These curves represent

the deflection of the two arches assuming they are free to

move at the foundation. They ar« plotted to show how
evenly the deflection, curve A, slants from a maximum
near thq top to nearly nothing at the bottom in the con-

stant angle arch type, Fig. 3, and how little the slant,

curve B, amounts to in the ordinary type of arch dam.
Fig. 4. These curves also show very plainly that from

the common arch type much arch action towards the

bottom cannot be expected ; cantilever and beam action

must take the load since no such deflection as 02624 in.

could be possible at the point where the arch is fastened

to the rock foundation. The constant angle arch type for

this particular site requiring only 00083 in. deflection, 315
times less to support the same load will take most of the

load upon itself acting as an arch.

For dam sites where the abutments are close together

towards the foundation and where t is large compared
with Ru, (7), gives the values for the crown deflection

w^hich are too large, even assuming that the dam is en-

tirely free to move at the bottom. While this formula

considers the curved beam action, it is at the same time

understood tfiat arch action is complete. However, where
the arch is thick and the distance between the abutments

short, the arch becomes a wedge and the horizontal curved

beam takes the greater proportion of the load, as acting

in this manner the support of the same load will require

a smaller deflection. The deflection in the middle of a

beam i foot wide held at both ends and uniformly

loaded is

:

PI*
Db = - ^, - - - (7a)

384 £/

The notations are the same as before, P being the

unit water pressure, I the length of the beam, E the

modulus of elasticity of concrete and / Ihe moment of

inertia using like units.

Whenever (7A) gives smaller values than (7) it is in-

dicated that arch action is incomplete. The curved beam
action tends to introduce axial tension along the down-

stream face in the middle and along the upstream face

near the abutments, but the axial compression due to the

partial arch action and lateral expansion (Poisson's ratio)

will or should much more than compensate for this ten-

dencv. If it does not, the design should be changed.

*This Fip. and Formula (7) are reproduced from a dis-

cussion by Mr. Shirrcff of a paper entitled, "Lake Cheesman
Dam and Reservoir." Tran'saction .American Society Civil En-

gineers, 1004, page St). /•" is the modulus of cl.isticitv and /

is the thickness.
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From curve A the deflection of the arch (Fig. 3) at

the ^3 point can be directly ascertained. It is found to be
o 132 in. If the cantilever 250 feet high and i foot wide
were actually forced to deflect 0132 in. at this point

(Elev. 16667 feet) a force, F, would be required which
can be found as follows (F is concentrated at the ^3 point)

:

Do
n F V

Eh'
(8)

In (8) (taken from standard handbooks) the value of

n depends upon the rate of variation of the face slopes.

If both faces were vertical n would equal 4. If the faces

(or at least the downstream face) were shaped as flat para-

bolas, or if the thickness of the section in an upstream and
downstream direction at the one-third point was approxi-

mately half the thickness at the foundation, m would
equal 8.

This last condition is the one that theoretically best

fits cases in dam construction. Considerable modifications

are mostly necessary, however, due to the fact that the

rock foundation itself, to some extent, takes part in the

movements of the dam liody. With a full water load the

rock foundation under the middle portion of an arch dam
moves more in a downstream direction than does the ends,

as the push in a downstream direction is the greatest in

the middle and as at the ends, only a component of the

axial compression acts in a downstream direction. There-
fore, the cantilever can not take up as great a proportion

of the water load as it would if fastened to an immovable
foundation and more load is therefore thrown on the arch.

The writer has for some time been trying to find a prac-

tical value for n by analyzing deflection data obtained from
actual dams. He thinks he is justified in using n = 12

for solid rock foundation, and 16 for seamy rock founda-

tion. This makes (8) empirical, but the results from it

are believed to be closer to actual facts than any results

arrived from mere theoretical conditions on account of the

number of assumptions it is necessary to make.

Inserting the value of 12 for u in (8) :

Do
oi-;2 12 X F X 8333^

12 432,000,000 X lie"

91 1,000 lbs.

The cantilever will deflect the same as the arch when
thus loaded.

The total water load on a vertical slice of the dam, i

foot wide and 250 feet high, is 250 ""' = 1,953,125

lb. The initial stress supports 1,0^7,12:; x =
•^ 100

320,312 lb. before any deflection takes place. Therefore
the load causing a deflection of 0132 in. of the combined
arch and cantilever must be equal to 911,000 + 1,953,125— 320,312 = 2,543,813 lb. The proportion of this

amount taken by the cantilever will be '-r- = -;; 8
2-543.813

per cent.

Now, the actual load to be divided between' cantilever
and arch is not 2,543,813 lb. per running foot, but only
I1953.123 — 320,312= 1,632,8131b. Of this amount the

cantilever carries 358 per cent., or 1,632,8x3 x ^^ =

584.547 ll^-. concentrated at the one-third point, making

the actual deflection at this point o 132 x —^ = 00847 in.
100

The bending moment due to this force is equal to

584,547 X 8333 = 48,710,301 ft.-lb.

The section modulus of the base

321

= 2,011,

and therefore the compressive stress on the foundation at
the toe, due to the bending action of the water load on the
cantilever, is equal to

Bending moment 48,710,301

Section modulus 2,011
= 24,222 lb. per sq. ft. (9)

The total compression on the foundation at the toe
will be Ihis compression added to that due to the weight
of the structure, which amount to approximately 16,200
lb. per sq. ft. at the toe, making the total compression
approximately 40,400 lb. per sq. ft.

If a base length of 70 ft. is chosen, the arch would
take a greater percentage of the load and the curved beam
a smaller, leaving the same or less for the cantilever, but,
owing to the smaller section modulus of the 70-ft. base,
the compression at the toe would be somewhat higher
than 24,222 lb. per sq. ft., and the compression due to
the weight of the structure would be much higher than

cc^^ & -^ ^^ ^^^/- a?s.6i;30
Sln.e f-cos.e-'f-

Fig. 5.

16,200 lb. per sq. ft., so that the sum of the two would
be considerably more than 40,400 lb. per sq. ft. Although
within the safe limit, the resulting vertical compression
would be somewhat out of proportion to the 36,000 lb. per
sq. ft. (and less) axial compression used when calculating
t from (i).

The dam section with the i lo-ft. base contains only

4% more material than the dam with the 70-ft. base (Fig.

3), as the addition is not made as a portion of a circular
ring, but in the shape of a spherical triangle. Any inter-

mediate base length between the two limits given in Fig.

3 could be accepted for a dam built on this particular site.

The two stresses (the 36,000 lb. per sq. ft. average axial

compression, and the maximum 40,400 lb. per sq. ft.

vertical compression) are acting in planes perpendicular to
each other, and therefore tend to support each other.

Although they are low, the resulting section (Fig. 3) ap-
pears slender on account of the economical distribution of
the material.

This method of calculating the vertical stress upon
the foundation is correct only so long as no tension exists

at the heel, or if tension exists, as long as this tension is

properly taken care of. For the constant angle arch,
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where the cantilever takes the smaller proportion of the

load, there will seldom be occasion for tension along the

upstream face, and there will perhaps never be enough

tension to demand consideration. The accuracy of the

result obtained from 8 depends to some extent upon the

face slopes, especially the downstream face slope. The
error, however, is generally such as to compensate for the

error made in not considering that the width of the ver-

tical cantilever, which is i foot at the upstream face, is

less at the downstream face. The short-cut method ex-

plained above for finding the division of the w-ater load

between cantilever and arch action, and from that for

finding the total maximum foundation pressure, cannot be

used for dams having a crown deflection curve similar to

line B (Fig. 61, as this line does not show a maximum de-

flection near the crest, and a zero deflection at the founda-

tion. Deflection curve A answers these conditions closely

enough for this purpose.

Only the middle or highest dam section has been con-

sidered, as we are mostly interested in knowing the most

dangerous stresses in the structure, which stresses gen-

erally occur, in high dams at least, at the toe with

reservoir full.

In (i) only average stresses have been considered in

determining the thickness of each individual arch slice.

The maximum axial stresses should also be investigated.

These exist along the downstream face and are found

from the formula,

2 '"^'^ = •? RTrk - ('°^

However, (10) does not give correct results towards
the foundation where the arch is thick relative to the
length of the upstream radius, and where the span is

short. The proportion of the load carried by the arch in

such a case is supported more by the curved beam than
by ordinary arch action. This will cause some difference

in the value of Omai and ijmin, as found from (i), adding
to Omai at and towards the abutments, and subtracting

from Omai in the middle portion between the points of

contra flexure on the curved beam. These points are

located thus :

Cos «o
<;in B

(11) See Fig. i.

In high dams Qm^T. will ordinarily be lower than the
vertical compression at the toe ; therefore, this vertical

pressure is still the most important to investigate. The
influence of initial stress (Poisson's ratio) tends to equalize
Omai and q min in dam sections having upstream faces of

steeper slope than their downstream faces. In such sec-

tions the vertical pressure due to the weight of material
above is greatest along the upstream face, and therefore
the initial axial compression is also greatest. It is fair to
assume that this condition of relieving Qmai and adding
to (jmin also tends to improve the watertightness of the
dam.

In all straight gravity dams built across narrow
canyons, horizontal tension exists along the downstream
face in the middle, and along the upstream face near the

abutments, at least toward the foundation. This should
be very plain when it is considered that any beam fixed

at both ends and uniformly loaded will support four times

as much load as a cantilever of the same length sustaining

the same water load (nothing at the top and a maximum
at the bottom). In other words, whenever the beam is

four times longer than the cantilever, it will support one-
half of the total load, and whenever this ratio is less than
four, the horizontal beam will support most of the load.

The ordinary gravity design does not consider this beam

action, although when the dam is built in a fairly narrow
canyon the greatest portion of the load towards the

foundation is actually carried on the horizontal beam and
not on the cantilever. While adding materially to the

stability of the dam (as long as the horizontal tension in-

troduced by this beam action is not above the breaking

*!'

>l«-^ si?

C.Z6IS-

r'

iW/(

%

^o.Qrse'

'taction curved cof tgvtm/

'/fichon cwtftS
'UcZiorj cuj-zfcScorrfcim

- —O.Z23^ *

3Z

SJ

/3.Z

I6A

283

290

Z30

/8Z

ZZJ I
/'fC

ss.s

wo

ISO

zoo

^•5 5

ZB3

i90

3J±_

3/a

7S MO.

J. a.

PTfS

//.2S

/S.3

3ZZ 2/

'-aooas'

Fig. 6.

point, and as long as the expansion joints, if any, are

placed at or near the points of contra-flexure only) the

foundation pressure at the toe is at the same time much
relieved, a very welcome feature, especially in connection

with high dams.
Now, if the horizontal beam be curved, axial com-

pression takes place over the entire section, and the greater
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the curvature, that is, the smaller the length of the up-

stream radius, the more load will be taken by the arch,

and the less remains to cause horizontal axial tension at

any point of the dam faces, due to beam action. The re-

sultant axial compression from arch action and lateral

expansion will, in general, more than compensate for this

tension. Lateral expansion due to the weight of the

structure exists, of course, whether the dam is straight in

plan or cur\ed, but this alone will seldom be sufficient to

compensate for the horizontal tension due to beam action

in a straight gravity dam across a narrow canyon. The
curvature must be introduced to be sure of no tension ex-

isting in this horizontal beam. For a dam 250 feet high

ilie bottom width of the canyon would have to be well

towards half a mile before a gravity dam would act simply

as a gravity section towards the bottom, and before the

influence of the horizontal beam action would be negligible

unless it should have failed in tension first.* It would,

therefore, seem logical to provide even quite long dams
with a slight curvature sufficient to take care of the hori-

zontal tension.

Whenever load is supported on a beam or on a canti-

lever, shearing stresses are introduced. These shearing

stresses reach their maximum values at the foundation and

at the abutments, and should be investigated in order to

be sure that they are within safe limits. In the case of

dam section shown in Fig. 3, base 70 feet, it can easily

be shown that even should the shear on the lower 50 feet

of the dam correspond to the full water pressure, this

stress would be entirely within the safe limits, amounting
to approximately 4,000 pounds per square foot. Along
this joint the maximum unit compression generally exists.

This compression is so much larger than the shear that

actual shear cannot take place, as friction alone will pre-

vent any tendency of sliding at the abutments. Crushing
would have to take place before actual sliding of any
element could occur.

Before concluding the general discussion the action
of changes in temperature should be considered. As the
ends of the arch are fixed to the abutments, the shorten-
ing or lengthening of the arch due to temperature changes
either causes cracks to develop or forces the crown back
and forth. In the constant angle arch type the average
crown deflection for the same amount of decrease or in-

crease in length or arch is only about one-half of that re-

quired by the common arch type, (See curve A and B,
Fig. 6) and the tension or compression necessary to cause
this deflection or pulling back of cantilever may therefore
not exceed the ultimate strength of the concrete, in which
case no cracks would develop. In any event cracks are
not so liable to occur as in the common arch type of dam.

Near the top the horizontal beam would have no practical
influence.

MAPS AND PLANS FOR HIGHWAY ENGINEERS
AND SUPERINTENDENTS.*

The Quebec Government is determined to reduce the num-
ber of forest firo^ in the Province, and legislation with this
end in view has been introduced by the Honourable Jules
Allard, Minister of Lands and Forests. The changes about to
be made, briefly summarized, follow: First, that all persons
between the ages of ig and 50 may be called on to aid Govern-
ment officials in fighting fires, and must respond to the call
of the Government in such cases, unless they can submit
valid reasons for refusing to serve as fire fighters. For each
day they work for the Government in fire fighting they will
be paid |i.;o to $2. Another amendment aims to reduce the
danger of fires from railway trains. It will be required that
timber limit holders shall clear the trees from each side of
railway tracks for at least a distance of too feet. The third
change provides that settlers will be prohibited from clearing
timber in summer months without a permit from the Govern-
ment forest ranger.

By T. M. DeBlois, S.B., Assoc.Mem. Can. Soc.C.E.

ONE of the important divisions of highway en-

gineering, and in fact of any branch of engineer-

ing, is the accumulation, the proper classification

and the convenient recording of data of interest

or importance to the engineer.

Maps and plans, in connection with a highway or-

ganization, might be classed in the service department.

No matter how thoroughly the operations of a highway
department may be systematized, where those in charge

of the different units of the organization are dependent

upon daily consultations and studies of the records on file

to enable them to picture in their minds the progress of

the work under their jurisdiction, there is always a certain

amount of lost motion which would be eliminated if all

available information and a continuous record of opera-

tions were indicated on properly prepared maps and plans.

.'\s road maps, the original township survey maps, at

a scale of one-half mile to the inch, filed with the Pro-
vincial Survey Branch, are of little use, as the great

majority were prepared long before many of the roads
were in existence. These maps, however, do give the

frontage and area of the lots, and naturally form the back-
ground of other maps which have later been prepared,

showing the divisions of the land into concessions and
lots.

In connection with the township maps of Ontario, we
notice that many have more or less regular systems of jogs

along the side roads, which follow similar systems of jogs
in the lot lines midway between the concessions. This
irregularity is due to the inaccuracy of the compass sur-

vey. For exainple, the surveyor runs his line and places

his posts at regular intervals along the concession road,

going from one concession road to the next. If his chain-

age were accurate and his lines run truly parallel, a lot

line run at right angles to the concession road would
obviously hit the corresponding post on the adjacent con-

cession road. However, when a later surveyor stakes out
the lots on the ground he finds that lines run froin each
concession line at right angles do not meet at the centre

of the concession, and to rectify the error the lot line jogs
to make a closure. Still later, when the side road is laid

out, it must either make the corresponding jog or run
through the property of the lot owner.

However, the most complete road maps of the whole
province are those issued by the Department of the In-

terior at Ottawa, known as the Standard Topographical
Maps. The maps are at a scale of 3.95 miles to the inch,

and show the plan of the province from Windsor to

Montreal in sheets about 28 inches wide. These sheets

show the roads in double line as accurately as can be
shown at such a small scale.

While the standard topographical maps of the De-
partment of the Interior have been referred to as the most
complete for the whole province, the one-mile-to-the-inch

maps of the Department of Militia and Defence covering
that portion of Ontario from Kingston and Ottawa to the

eastern boundary of the province, and from Toronto and
Buffalo to the western boundary, supply us the most ac-

curate information regarding the limited portion they

cover, that are at our disposal. These maps locate all

roads and streets, lakes, rivers and creeks, bridges and

*Read before the Conference on Road Construction, On-
tario Department of Highways.
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cuhiTts, lniilciiiii;s, wooilcd areas aiul swamps, etc., clc,

and are traversed by contour lines at 2S-foot intervals.

The military maps are dependent upon surveys con-

ducted by that department, to as fine a degree of accuracy

as can be reproduced on a map at the scale of one mile to

the inch. The control, which goes to make up the frame-

work of the maps, is procured from triangulation, chain,

transit traverses, transit traverses with bicycle along rail-

ways, and stadia transit traverses, and is based upon

points established \n Canada along the sliores of the Great

Lakes and River St. Lawrence by the United States Coast

and Geodetic Survey; also geodetic surveys conducted by

the Department of the Interior at Ottawa.

Our Department of Highways has prepared a com-

plete set of county maps of Ontario at the scale of one

mile to the inch, showing roads in double line, lots, rivers,

railways, etc., and also practically a complete set of town-

ship maps at double the size of the county maps, namely,

one-half mile to the inch. These maps have been compiled

from the best available sources and are being corrected as

later information is obtained.

As a suggestion of a few of the uses to which these

maps can be put, the following is submitted: First of all

it would be advisable to adopt a standard legend to show
the exact character of every piece of work locating the

county road system, whether concrete, macadam, gravel

or earth which has been only shaped and crowned or which

has not been shaped or crowned or otherwise improved.

.•\ standard legend should also be prepared which will

show the character of construction of every sluice, culvert

and bridge, which should be plainly numbered, and these

numbers used in all reference, by correspondence or other-

wise, to these structures.

The matter of standardization of this legend is im-

portant. The maps in possession of the various branches

should be so characterized that the information contained

on them can be immediately read by any engineer familiar

with the legend.

A further use to which the maps can be put is to

mark on them the history of the roads in the various

townships. For instance, the year in which the road was
opened, the nature of the material, when the improvements
were made, and the nature of the improvement. The
history also could be given of the various important cul-

verts and bridge structures. Those structures which had
depreciated to the extent where it would be advisable to

have them replaced could also be shown.
-All these uses that can be made of county and town-

ship maps, some of which have been suggested, others

which may have special application to particular localities,

will perform a distinct service to the road engineer or

superintendent. They will serve to keep before him in a
manner that should be comprehensive and clear, a com-
plete picture of the history and actual conditions of the

highways in his particular locality. By so being in touch
with the men who are familiar with the different localities,

the department will thus be enabled to improve and bring
to a higher state of accuracy our township and county
maps. This point is important, for, while many of our
maps are obtained from accurate sources, yet with many
of them there are necessarily errors both of "omission
and commission" due to a scarcity of information at our
disposal, and which, by the means suggested, would thus
steadily be improved.

For the opening or extension, or indeed the improve-
ment of roads, the importance of preparing a plan and
profile of the right-of-way cannot be over-emphasized.

If a man proposed to build himself a house, he first

of all considers as a self-evident necessity, the preparation
of complete plans and details of his proposed dwelling.

This in order, first, that he may estimate his costs, and

secondly, that he may have the processes before him of

the construction from the cellar to the roof of his finished

building. For similar and very obvious reasons, the build-

ing of a highway should be accompanied by a plan and
profile of the proposed right-of-way. It further would be

a valuable record to the county engineer to keep a profile

of the more important roads in his county. With this

record he can see at a glance the various hills and grades,

and in the event of improving that road and incurring the

reduction of some of the grades, proper estimates can be

prepared and the problem can be approached in a sys-

tematic manner.

SOME HINTS ON THE APPLICATION OF SEWAGE
TO CONTACT BEDS.

In the annual report of the New Jersey State Board
of Health, Francis E. Daniels describes the methods of

applying sewage to contact beds as practised at Essex
Falls and Plainfield. .\t these plants the tank effluent is

applied on the top and at one corner of the contact beds.

From a small area at the point of application, from 6 in.

to I ft. of the contact material is removed from the top

of the beds and the excavation is filled with fine cinders.

An embankment about a foot high is constructed of the

saine material around this area so that all the tank ef-

fluent that is applied to the contact beds strains through
the cinders. A great deal of suspended matter is thus
removed from the tank effluent, and the clogging of the

body of the bed is materially reduced with a corresponding
increase in the effective life of the contact beds.

With the growing practice of reducing the storage

capacity of sedimentation tanks, the value of underfed
contact beds is diminishing. \\ ith a long period of tank
storage, the tank effluent is usually very septic and con-

tains considerable quantities of offensive gases, \^'ith a

tank effluent of this nature, odors are probably reduced
by having contact beds of the underfed type. With the

present practice of constructing sedimentation tanks so
that the storage period is reduced, the effluent as a rule

is not septic, and offensive gases are not present to any
great extent. In such a case the overfed contact bed is

preferable to the underfed type.

In the overfed type of contact bed it is maintained
that the use of distribution troughs or pipes to distribute

the sewage over the surface of the beds is inadvisable.

These troughs distribute the clogging suspended materia!

over the whole surface of the beds, and sometimes require

considerable cleaning and attention.

The cinder straining areas not only pre\ ent, to a large
degree, the clogging of the whole surface and body of the

bed, but they serve as an index of the operation of the

sedimentation tanks. The scum accumulating on these
areas can be removed from time to tiine between doses.

The rapidity with which the scum forms will serve to indi-

cate to the attendant whether or not the tanks should be
cleaned.

An interesting- point was brought up recently in the Iowa
Supreme Court, when the right to use water in a resenoir
or pond conveyed to a railroad company was reserved to the
land owner. The latter's animals so polluted the water that

it was unfit for use in locomotives, the purpose for which the
railroad desired it ; and the railroad fenced the pond. The
landowner sued in equity to enjoin the fencing and for dam-
ages. The court holds that in such a case each party must
exercise his rights with reference to the rights of the other,

and the landowner could not allow his stock so to pollute

the water. The railroad, however, could not exclude the land-

owner from all use, but should apply to the courts to restrain

the pollution.
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WOOD AS A PAVING MATERIAL."

By W. Kynoch,

Chief Assistant. Wood Preservation Department, Forestry

Branch, Department of Interior, Canada.

DL'RIXG the past decade there has been a steadily

increasing interest among municipal highway
engineers in the possibilities of creosoted wood
block paving for city streets. The historv of

creosoted wood block paving has not been free from

failures, but it may be noted with satisfaction that these

failures have been made the subject of careful observa-

tion and experimental study, not only by those associated

with commercial interests, but also by independent tech-

nical investigators. As a result, the causes of many of

these early difficulties have been located, whether in

methods of treating blocks or in design and construction

of pavement, and improvements in practice have been

made accordingly.

It may be of interest to quote from statistics compiled

and published by the United States Forest Service. In

1909, the total amount of timber treated as paving blocks

for use in cities of the United States was 2,994,290 cu. ft.,

equivalent approximately to 1,150,000 sq. yds. of pave-

ment. In 1914, the timber treated for this purpose was
6,869,370 cu. ft., equal to about 2,617,000 sq. yds. In

191 1 the reported area of creosoted wood block pavement
in service in a number of the larger representative cities

of that country was as follows : N'evi- York, 650,000 sq.

yds. ; Chicago, 700,000 sq. yds. ; Minneapolis, 950,000
sq. yds.; Indianapolis, 500,000 sq. yds., and Cincinnati,

375,000 sq. yds.

Referring to the present use of wood block paving in

England, and more particularly in London, as the world's

greatest metropolitan district, it is interesting to note that

creosoted wood block pa\ing has there reached its most
successful development. The significance of this state-

ment can be appreciated fully when the traffic conditions

of some of the principal thoroughfares of London are

understood. Henry W. Durham, chief engineer of the

Bureau of Highways, Borough of Manhattan, New York,
commissioned in 1913 to make a personal investigation of

paving materials and pavement construction and main-
tenance in European cities, in a report recently published,

notes with reference to the wood block pavements of

London, "... a large extent of soft-wood pavements
on its principal thoroughfares. (Borough of \\'estminster).

The last are probably the finest pavements in the world.
Particularly good is that on Parliament Street and White-
hall from Parliament Square to Trafalgar Square. It

carries a heavy traffic, principally motor omnibuses and
other motor vehicles. Having less traffic but a very ex-

tensive one of pleasure vehicles of all classes is the Mall,

extending from the .Admiralty Arch at Charing Cross to

Buckingham Palace. This is also wood block on concrete

foundation and presented the nearest approach to a perfect

street surface observed anywhere."

Untreated wood block pavements were in use in

England at least eighty years ago. In the L'nited States

and Canada such pavements, generally built of round
cedar blocks, were quite widely used as early as 1850, and
some cases of such pavements were to be found as re-

cently as fifteen or twenty years ago. These blocks were
laid on plank foundation or in some cases on macadam

*Abstract of a paper read January igth, 1016, at Ottawa,
before the Canadian Lumbermen's Association.

foundation only. These pavements obviously could not
be entirely satisfactory, but they served a useful purpose
during a certain development period in the United .States

and Canada. Later, untreated rectangular wood blocks

were adopted. This was an improvement in some re-

spects, but early failure of such pavements from decay of

blocks was the inevitable result. Later the development
and more general use of preservative treatment of wood
suggested the application of such treatment to wood
pa\ing blocks.

.'Vocording to first methods of treatment adopted for

this purpose, blocks were dipped in hot creosote oil. Such
treatment resulted in the alDsorption of from two to four

pounds of oil per cubic foot of timber. This marked a

distinct improvement in practice, and such dipped wood
pavements may be considered the immediate step toward
the development of modern creosoted wood block paving.

Considerable areas of dipped block paveinent were laid in

United States and Canada with satisfactory results. There
are such pavements still in service in Canadian cities,

many of which are now in good condition. It may be of

passing interest to note that there are several dipped

wood block bridge floors in the city of Ottawa, laid from

six to eight years ago, which have given good service,

and are at present in very satisfactory condition. How-
ever, the general adoption of pressure methods for im-

pregnating timber with preservatives naturally led to the

use of pressure treated paving blocks. .Absorptions of

creosote up to 20 pounds per cubic foot may be obtained

by such methods, and with the heavier impregnation of

preservative, the protective value of the treatment is

obviously very much increased.. The creosote oil injected

within the block serves the double purpose of protecting

the wood from decay and acting as a waterproof filling

material. Pressure treated blocks are now used uni-

\ersally for wood paving, and it should be understood that

claims made in this paper for creosoted wood block paving,

refer to such methods of treatment.

A brief description of the present commercial methods

of treating paving blocks may be of interest. Blocks are

cut from 3-in. or 4-in. stock, varying in width from 5 ins.

to 10 ins. The stock is planed on one side to insure a

straight edge, and is cut on gangs of small circular saws

on which provision is made for adjusting saw spacing,

according to the depth of blocks required. In .American

practice, blocks are cut in 3-in., 3,?'2-in. and 4-in. depths,

according to the requirements of traffic conditions for

w^hich they are to be used. The sawn blocks from the

gang pass to conveyer, where defective block—those

under size or showing heavy checks, loose knots or decay

—are remo\ed. Inspected blocks are carried by conveyer

to cylinder block cars. These block cars are from 7 ft.

to 9 ft. long, of cylindrical shape, 5 ft. to 6 ft. in

diameter, mounted on narrow-gauge trucks. Cars are

made with perforated steel plate sides and closing cover

to prevent blocks floating out in retort. Commercial

pressure treating retorts or cylinders are usually 6 '2 ft.

to 7 ft. in diameter and from 120 ft. to 130 ft. long. They

are designed for working pressures up to 250 lbs. per

square inch, although operating pressures during treat-

ment of timber seldom exceed 160 lbs. to 175 lbs. per

square inch. Retorts are charged with a train of loaded

block cars. The capacity of a commercial retort of

typical size is from 1,800 to 2,100 cu. ft. of paving blocks,

equivalent approximately to 600 to 700 sq. yds. of 4-m.

block pavement.

.After blocks are charged into retort they may be sub-

jected to a preliminary steaming at temperatures ranging

from 225 to 240 degrees P., for a period of from i to 3
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hours, as may be required. If this feature of treatment

is adopted, it must be followed by a vacuum drawn in the

retort up to 20 ins. or 24 ins. mercury. Exhausting- the

retort after steaming is for the purpose of evaporating

the water and withdrawing a part of the air contained

within the wood. Preliminary steaming and vacuum be-

fore the admission of the preservative to the retort, is not

always specified in the treatment of paving blocks. How-
ever, results of an experimental investigation by C. H.

Teesdale at the United States Forest Products Laboratory,

Madison, reported in a paper presented at the eleventh

annual convention of the American Wood Preservers'

Association, January, 1915, indicate that these features

of treatment are desirable for blocks of some species at

least. After steaming of blocks and exhaustion of the

cylinder, or in some cases, as above noted, without any

such preliminary treatment, creosote oil, previously heated

to a temperature of from 170 to 200 degrees F., is ad-

mitted to the retort, the pressure applied gradually until

the desired absorption of preservative has been attained,

as indicated by gauges on oil stock tanks. The oil is

then withdrawn from the retort and, if desired, a subse-

quent short steaming period may be included in the treat-

ment, for the purpose of cleaning the surface of the

blocks. A final vacuum, after the injection of the pre-

servative, for the purpose of withdrawing excess of oil

from the wood, is a feature of one proprietary method of

treatment which has been extensively used in United

States and Canada with good results.

The preservative used almost universally for paving
blocks treatment is coal tar creosote oil—either a straight

distillate product of coal gas or coke oven tar, or more
generally, in present commercial practice, a mixture of

such distilled oil and filtered tar. These mixed "paving
oils" are now extensively used for paving block treatment
in America, and it is probable, if they meet the require-

ments of approved detailed specifications as to methods
of production, composition and physical properties, that

they are as satisfactory for this purpose as the higher
priced straight distilled oils. The absorption of oil in

paving-block treatment, with the exception of Douglas
fir blocks, is generally specified to be from 16 to 20 lbs.

per cubic foot in correct American practice. While ab-
sorptions of 20 lbs. per cubic foot were formerly generally

required, the recent general tendency is toward somewhat
lighter impregnations—16 to 18 lbs. per cubic foot. The
writer is inclined to believe that absorption of from 14 to

16 lbs. per cubic foot are sufficient for some Canadian
woods for which heavier treatments have heretofore gen-
erally been specified. An absorption of 10 to 14 lbs. per
cubic foot is the usual standard for the treatment of

Douglas fir blocks.

The design and methods of construction of wood
block pavements are in general similar to those of brick

or other block pavements, although certain features have
been developed to meet the special conditions. A con-

crete base is laid 5 ins. to 6 ins. in thickness, conforming
in general to the contour of the finished pavement, usually

with a crown allowance of 8 ins. on a 50-ft. street width.

On this a "4-in. cushion of a 1:3 cement-sand-mortar is

spread dry and struck off with a template or spacing
strips. This cushion is sprinkled in advance of the placing

of the blocks. These are laid with the grain vertical, in

straight paralleled courses, which may be at right angles

or inclined to the street line. A ^^-in. or i-in. expansion
joint is allowed at each curb and a single or double course
of header blocks placed parallel to the curb line. After

laying, blocks are rolled to surface with a steam roller,

and block joints filled with a suitable bituminous filler

material. This is generally specified to be an asphalt

cement or a mixture of coal tar pilch and asphalt. This
material must be carefully squeegeed into joints to a depth
of at least Yi the depth of blocks. The finished pavement
is covered with a light layer of clean sand, which cleans

the surface of the excess of filler and oil, and incidentally

is partially worn into the blocks by tralfic, forming a re-

sistant wearing surface. A thin cement grout washed
over pavement after pouring bituminous filler is frequently

used as an additional means of securing a clean surface.

It is unnecessary within the limits of this paper, to

offer any more detailed description of methods of treat-

ment of wood paving blocks or design and construction of

pavement, all of which are covered in carefully developed
specifications adopted by various municipal and highway
engineering associations. Such approved specifications

may be safely adopted, either entirely or with modifica-

tions to meet local conditions.

The initial cost of wood block paving is fairly high
as compared with some other widely used types of pave-
ment. The cost of completed pavement will range from
$2.50 to $3.80 per sq. yd., varying with the depth of block

used, and with local conditions. Actual cost figures from
construction of wood block pavements in Eastern Canada
are: $2.75 to $3 per sq. yd. for 3-in. block pavement;

$3 to $3.40 per yard for 3j^-in. pavement, and $3.25 to

$3.70 where 4-in. blocks are used. On the Pacific Coast

the cost of wood block pavements is somewhat lower than

that indicated by the above figures. Transportation

charges on treated blocks and the cost of actual pavement
construction are the more important variable factors, and

these may be estimated closely for any particular local

condition. However, admitting the relatively high first

cost of wood block paving, it must be realized that ulti-

mate cost, estimated on service performance, and not

initial cost only, is the fair and logical basis of comparison
of various paving materials.

With reference to the various wood species which
have been successfully used for creosoted wood block

paving, it may be noted that a considerable number of

woods have been proved to be adapted to such service.

In England, Baltic pine has been used most extensively

and with excellent results. In the United States, the

woods now in general use for paving are southern yellow

pine, Norway pine, Douglas fir, hemlock, tamarack and

black gum. In Canada, Norway pine, Douglas fir and
tamarack have been used most largely, and with good
results. In the Canadian West, Douglas fir and possibly

hemlock and tamarack will furnish the supply of timber

stick for wood paving, and it is safe to assume that there

will be a marked increase in the use of these woods for

such purpose. In Eastern Canada, the logical choice of

native timber for paving block stock is Norway pine.

This species is so well known to members of this associa-

tion that descriptive comment is unnecessary. However,

it may be of interest to note that in structural and physical

characteristics this wood resembles rather closely tlie

Baltic pine of Europe, the merits of which for wood pav-

ing service have been so conclusively demonstrated in

England. Norway pine, as previously noted, is already

widely and favorably known as a wood paving block

timber, both in the United States and Canada, and the

growing recognition of its merits for this purpose will

undoubtedly lead to its much more general use in this

country. It is not improbable that creosoted hardwood

blocks may be adopted to some extent for paving purposes

in Canada. At present the limited records of service per-

formance of creosoted hardwotxl block pavements are

hardly sufficiently conclusive to warrant any confident

prediction as to developments in this direction.
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OLDEST IRRIGATION CONDUIT AND DAM IN
THE UNITED STATES.

ON the meadows beside the lower San Diago River,

half a dozen miles northeast of the City of San
Diago, is the old San Diago mission. Here the

Catholic missionaries, working northward from
Mexico, established near the end of the eighteenth century

one of the first outposts of civilization on the Pacific Coast

in what is now United States territory.

In this arid region, with a rainfall averaging only

about a dozen inches per annum, all occurring in the

fall and winter months, irrigation is a prime necessity to

agriculture. There still stand in a remarkably good state

of preservation the dam and a large part of the conduit

by which water was diverted from the San Diago River

and carried some miles down its valley to the ranches sur-

filled full with solid material during the first flood
season.

It is of interest in this connection to record that prior
to 1850 the San Diago River carried annually vast quan-
tities of silt into San Diago Bay and was rapidly filling up
the present harbor of San Diago. It was due to the genius
of a distinguished officer of the Corps of Engineers that
San Diago harbor was saved for commerce. During the
years prior to the Civil War, Lieut. Geo. H. Derby, of
the Corps, who was stationed on the Pacific Coast, made
himself famous by writing humorous papers which were
published under the nom de plume of John Phoenix. Lieu-
tenant Derby proved that he was as competent an engineer
as a humorist by diverting the course of the San Diago
River at its mouth, so that instead of discharging into

San Diago harbor it was made to empty into what is

known as False Bay, a shallow body of water located to

Pig. 1.—The Oldest Irrigation Dam in the United States, Built by the Old Mission of San Diago, Cal.

rounding the mission. There is little doubt, according to

Engineering News, that this dam and conduit are entitled

to the distinction of being the oldest irrigation works in

the United States or Canada, with the exception, of

course, of the more or less primitive works for irrigation

carried on by Indian tribes prior to European settlement.

When one bears in mind the extreme limitations in means
of transportation, in material, labor, and money with
which these Catholic pioneers had to contend, the building

of the old Mission dam and conduit was a remarkable
achievement.

The dam, it should be explained, is purely a diverting
dam and not a storage dam. The San Diago River in its

course of some 50 miles descends from elevations of 3,000
to 5,000 ft., and the river and its tributaries have eroded
deep canyons in the soft rocks of the region. At its flood

stages the river carries a very heavy burden of sand and
silt, so that the pond back of any dam built across it is

the north of San Diago Bay and separated from it by a

high sand ridge.

The old Mission dam and the conduit, as may be seen

by the accompanying illustrations, were built of a curious

combination of rough rubble masonry and very large, thin

tile. The mortar used was, of course, lime mortar and
must have been burned in kilns established for the purpose
near-by. As may be judged from the views of the dam
and of the flood which it annually sustains, this lime-

mortar masonry has lasted remarkably well. The central

opening in the dam, seen in the view, doubtless originally

contained a wooden controlling gate which was left open
in time of flood and was closed only when it was desired

to divert the water into the irrigation conduit, which con-

nected with the dam near its north end. One reason for

the location of the dam at this point is that the river here

flows over bedrock at the head of a long canyon, so that

all the flow down the valley is intercepted by the dam. In
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recent xears Ihe dam has Ijeen used as a river-gauging

station bv llie L'nited Slates tieologiial Siir\ey.

From llictiam the masonry conduit follows down the

north bank of the river about three or four miles to the

lands around the old mission. Much of the conduit is still

plainly \isibie from the highway on the opposite bank.

The construction of the conduit is shown in the accom-
panying cross-section drawing. Over a pari of its course,

Hubble
Masonry

Tile varies from
l"iui^' in thickness

Tile andSfone laidin
Lime Morfar

Fig. 2.—Typical Cross=section of Old Mission Conduit

Near San Diago, California.

however, the conduit was in exca\ation and appears to

have been mel^elv lined with masonry. The size of the

tiles used for lining is particularly noteworthy and evi-

dences the considerable ability of these early pioneers in

the art of pottery manufacture and in utilizing Indian

labor for this more or less techni<-al work.

DISCUSSION ON ECONOMIC AND STRATEGIC
ASPECTS OF ENLARGEMENT OF WELLAND

CANAL AND OF CONSTRUCTION OF
GEORGIAN BAY SHIP CANAL.

AT a general section meeting of the Montreal Branch,

Canadian Societv of Civil Engineers, Col. W. R.

L Leonard presented his paper on "Economic and
Strategic Aspects of Enlargement of Welland

Canal and of Construction of Georgian Bay Ship Canal."
Colonel Leonard stated that he had prepared this paper
four years ago while in the government service, and that

it was not intended as a criticism of any government in

Canada.
The paper, a resume of which appeared in last week's

issue of T}xe Canadian Ens;ineer, was then read, being
illustrated by maps and plans of the Ottawa Ship Canal
which, the lecturer stated, w-ere not intended to boom that

work in any way.
Written discussions were read, one bv J. -S. Arm-

strong, who referred to the haste with which the paper
was to be dealt with—which haste has been overcome by
the postponement of the reading of the paper for one week.

A written discussion by Mr. F. H. K. Wicksteed, of

Toronto, then was read. Mr. Wicksteed stated that water
transportation was not always cheaper than rail, and only
in the case of our great inland seas could it compete with
the railroads. Canal routes, he stated, were not cheaper
than rail. Mr. Wicksteed said that there is no basis for

the fear that the enlarged Welland Canal will carry a pre-

ponderance of United States freighters into Lake Ontario,
giving them the control, because they will make more
money running from Lake .Superior ports to Lake Erie

ports than if tht y went to Oswego. Regarding the

Georgian fJay Ship Canal, he stated that a certain gentle-

man in Detroit said that the canal was not thought of as

anything but a joke. They would not send their 600-ft.

steel freighters through the Georgian Bay Canal because
they would lose money.

Discussion then followed as to relative freight r.ites

via rail and water over \arious routes.

He stated in reply to Col. Leonard's query as to

whether the L'nited States would bear their share of en-
larging the St. Lawrence system to divert the trade from
Troy and N'ew York to Montreal, that he thought it was
only a matter of approaching the United .States govern-
ment and asking for a convention or to appoint a joint

commission. He was certain that they would ask for one-
half the wafer power, as called for in the International

\Vaterways Treaty.

Mr. \Vicksteed did not agree with .Mr. Leonard's
statement that the deepened Welland-St. Lawrence Canal
would be found to have probably three times the length of

actual excavated canal and about the same length of re-

stricted river navigation as compared with the Ottawa
route. He said the figures for the excavated channel and
canal on the Ottawa route were 94 miles and three times
this would be almost 30G, and the peculiarity of the
Ottawa-(ieorgian Bay Canal is that there is no great
length of unrestricted continuous navigation in it. The
maximum continuous stretch of navigation on the Ottawa
route is about 32 miles. He produced a map showing
these features, .\nother point is that no matter what our
inland transportation may be, we are going to be limited

in the amount of grain or other bulk products we can ship

via the St. Lawrence route by the transportation facilities

from Montreal to Europe.

So far as our present canal systems are concerned,
the Welland and the St. Lawrence, it has been demon-
strated beyond question that the boats that are now in

the trade, and particularly those that have been built with
a view to that traffic, can carry grain from Lake Erie to

Montreal at lower rates than the railways can carry it

from Georgian Bay ports to Montreal. By the time
the cars are loaded at Georgian Bay and made up into

trains there is a good deal of cost involved, but when they
reach Montreal they go into the terminal here where thev

have to be broken up and the freight carried down to meet
the steamship and then the empty cars brought back and
made up into trains and the terminal expense is very high.

They will always be handicapped in that way as against

the steamship which can float right alongside of another
steamship and transfer its cargo. Therefore, the greatest

economy can be attained in transportation by employing
vessels of, say, ten to twelve thousand tons on the lakes

and transferring the cargoes at the entrance to the canal

to the types of vessels adapted to go through the canal,

and again unload and transferring the cargo to ocean-

going ships. It will never be possible to build a type of

ship that will be economical to run from the head' of our

lakes to British ports.

Sir John Kennedy stated that it was the first time he

had heard the paper and was not prepared to discuss it.

However, he agreed with one point in Col. Leonard's

paper and that w-as that the whole question should be

thoroughly studied by a commission.

Mr. White quoted some comparative rates for freight

via rail and water which Mr. Jamieson said were rather

misleading, as they did not take terminal costs into

account.

Mr. Leonard made the statement that his paper was
written so as to get the Canadian Society of Engineers to

look upon these questions and the expenditure of public

money as part of their business and to discuss the matter
in their own Council.

Col. Leonard was accorded a hearty volc of tli.inks

for his paper.
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COST^KEEPING AND EFFICIENCY
ENGINEERING.

IN

IN
modern engineering construction the question of

how much a dollar will do is one of vital importance.

The necessity of cost-keeping enters as largely into

general engineering and contracting as into industrial

business. Shrewd judgment, rule-of-thumb or the knack

of "coming out on the right side" are not the factors in

success that they may have been in the past. Costs are

as important to the engineer as to the manufacturer.

No one cost svstem can be designed that is of uni-

versal applicability—each engineering task has its own
individual peculiarities, and demands an independent

treatment and natural de\elopment. The success of a

system depends to a large extent upon the executive whose
brain and administrative ability must plan and put into

execution methods of reducing cost : the cost records are

merely a guide post on his path. In the installation of a

system, time and persistence are important elements

;

while its successful operation requires loyal co-operation

from all subordinates.

The following useful discussion of the fundamental

principles are requisites of cost-keeping as applied to

engineering construction, is from a lengthy paper on the

subject in Vol. viii., Xo. 37, of "Professional Memoirs"
of the U.S. Army, by Lieut S. C. Godfrey, Corps of

Engineers.

Tredgold's definition of engineering, "the art of

directing the great sources of power in Nature for the use

and convenience of Man," has been so often quoted as to

become classic; but to-day it is no longer permitted to

pass unchallenged. Wellington came much nearer the

revised conception of engineering, when he spoke of it,

in his "Economic Theory of the Location of Railways,"

as "the art of doing well with one dollar that which any

bungler can do with two after a fashion." The great

engineering works of antiquity, many of which were of

monumental character, like the pyramids, were built with

scarcely any regard for cost. The substantial highways

and aqueducts of the later Roman days expressed more
of the spirit of commercialism. To-day, more than ever

before, considerations of economics play a vital part in

every constructive enterprise. The engineer finds himself

ever in closer touch with industrialism. One day his

scientific knowledge may be applied to the appraisal of

public utilities ; the next, he is asked to decide the advisa-

bility of an investment, or the type and magnitude of a

contemplated structure, .\gain, he is chosen by a munici-

pality, like Dayton, to act as its city manager. In short,

he is constantly compelled to go beyond his formulas for

stresses in order to answer the question, "Will it pay?"

Efficiency in engineering construction may be defined

as accomplishing a given task in the most expeditious,

most economical, and most substantial manner practicable.

This does not mean, of course, that the cheapest practic-

able structure is sought. .A. Gatun dam may be designed
with such emphasis on security, with such large factors

of safety, as to make its cost necessarily high ; but the

dam, once designed, is built with the effort to secure, by
means of efficient methods of construction, the maximum
return for each dollar expended. Now, efficiency is no
new invention ; but modern industrial conditions have
made efficient methods well-nigh a requisite for success.

With the increasing discussion and amplification of this

subject, the term "scientific management" has become a

watchword, and "efficiency engineer" a term with which
many have hoped to conjure. Under the guidance of

elaborate svstems and detailed rules worked out bv Mr.

Taylor and oilier experts, shop managemeni has become
highly slandardizcd. The application of these principles

to field engineering, where the work is of a very different

and less specialized character, has been far less widely
made

; yet much has been done in this direction as well.

Cost-keeping systems have been put into successful opera-
tion; and although such systems have been far from
pro\ing uni\ersally successful, their failure, where they
have failed, has been due to some weakness in the system
or the man operating it, rather than in the principle

involved.

Principles of Cost^keeping.—The essence of the ques-
tion of costs is extremely simple. Man is in business for
profit. The margin between the cost of the product he
makes or builds and its selling price is the measure of his

success. Thus cost is fundamental
; and the successful

business man, whether he be a manufacturer selling auto-
mobiles, or a contractor building a dam, has been the man
who, prompted perhaps merely by business instinct and
shrewdness, watched and estimated his costs closely.

Now, a good cost system should place in the producer's
hands a tool far more powerful than any rule-of-thumb
methods

; for it replaces his guesses by exact knowledge,
points out leaks and wastes, establishes standards for

comparison, and gives data for future plans and estimates.

This raises at once the question as to what constitutes

a good system of cost-keeping. The requisites of such a

system may be summed up by saying that the records
should be: (i) Reliable; (2) Simple; (3) Immediate.

Reliability.-—This is the first essential. If it is not
fulfilled, the records may be misleading, in which case
they are worse than useless. For this reason all sources
of cost must be weighed,—so-called "cost data" are often
misleading because they involve simply field cbst, without
consideration of such factors as depreciation of plant.

Figures must be carefully checked and proved, estimates
of work to be done compared with measurements of actual
performances, the whole tied into, and checked by, the
general accounting scheme. The impossibility of mathe-
matical accuraci-, on any extensive work, is apparent,
when the factors of overhead expense are considered. It

is a question rather of practical accuracy, and this is bv
no means out of reach.

Simplicity.-—The cost system should not be too com-
plicated—a requirement which many systems, as designed,
fail to meet. The system must be installed, be it remem-
bered, in most cases, in the face of inertia and perhaps
opposition on the part of subordinates who are adherents
of a system, or lack of system, already in operation

; and
must be operated, perhaps, by these very subordinates.
Then, too, the labor and cost of the system itself, with its

considerable clerical work, must be carefully considered
with reference to the results it is expected to attain. In

particular, the reports should not demand much clerical

work from men in the field, foremen and others, to whom
such work is distasteful and whose efiiciency may be im-
paired thereby.

Immediateness.— In order to be of practical value, the
cost records must be available before the information they
portray is cold, while there is still time to act on it. Of
little use, at the end of a season, to put one's finger on a

leak that should have been stopped way back in mid-
summer. Yesterday's mistake should be found out in

time to plan to-morrow's work. This requirement necessi-

tates that the records be kept up-to-date and frequently

posted at stated periods, so that their information will be
promptly available. Here appears an additional argument
for simplicity, for the more simple the system the easier

it should be to obtain prompt returns.
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The Test of Usefulness.—If the cost-records meet

these three requirements, they will be pretty sure to be

used and not neatly filed away on a shelf to gather dust.

They will present in concise form just the information the

executive needs to keep him in touch with the work. They

should be well arranged and summarized, with such

standards for comparison as "average cost to date," for

example. Of course, the reports should show unit costs,

and these should be accompanied by such descriptions of

the particular circumstances of the work—climate, distance

from railroad, labor conditions, etc., as will make them

of permanent and not merely temporary value. The cost

system dovetails into the methods of purchasing, the func-

tions of inspectors and their reports, the system of ad-

ministration. In short, it should present an intimate and

ever-changing view-, a moving picture, as it were, of the

entire project.

Units.—Closelv allied to the requirement of accuracy

is the question of the choice of proper units in which to

express the cost-records. Care and uniformity in regard

to their use are essential. For instance, the standard unit

for concrete is the cubic yard ; but concrete sidewalks are

usually expressed in terms of square feet, and so any com-

parison or transformation from one unit to another is

misleading unless it involves the thickness of the sidewalk.

Round piles may be described in terms of linear feet, while

at the same time sheet piles are called for in feet board

measure. Units of length, commonly applied to drilling,

pipe laying, etc., and units of area, used in painting, paving

and similar work, are in general easily chosen. Volumes

are much more difficult to determine with any degree of

precision ; recourse must be had, in the absence of careful

surveys, to estimates of performance, to such records as

the number of batches of concrete mixed, and to dis-

crepancies in the stock-pile showings, etc. Measurements

of weight are frequently the most suitable, as for steel and

dynamite. Other units involve a combination of the simple

terms ; the ton-mile as applied to transportation and the

man-hour in connection with labor are prominent ex-

amples. In measuring economic efficiency of performance,

the dollar must be used with caution as the unit of com-

parison. Prices for raw supplies, for labor, fluctuate

widely; conditions vary infinitely; and cost-records can

be considered of comparative and permanent worth only

when they are expressed in such units as to eliminate or

at least explain these fluctuating factors.

Classifications.—In devising a system of records for

anv elaborate engineering work, the need of classification

is strongly felt. Thus the different work-operations, the

raw materials, the finished products, the workmen them-

selves, may any and all be subjected to this systematizing

process. Not only are a better organization and grasp of

detail made possible thereby, but in the records them-

selves, by the use of proper symbols, economy of time and

space may be gained. The systems most commonly
adopted are modifications of the familiar decimal classifi-

cations of Melvil Dewey's ; the use of numbers is some-

times supplemented by that of letters. The whole subject

is a fascinating one; such classifications, however, should

be designed and applied cautiously. A too complicated

and cumbersome classification defeats the very ends it

aims for; in the field, especially, there is danger of too

much elaboration. The fundamental requirement of

simplicity must be kept in mind.

Forms.—In designing forms and record blanks,

again, the first requisite is that they be simple and readily

understood. It must be remembered that they are but a

means to an end, and must not be allowed to become a

fetish. As one writer has tersely put it, "About half the

blanks and forms of the ordinary business systein are

merely confetti whereby those who are a lap behind can
follow the trail of the live ones." Forms should also be

made out with reference to the man who has to fill them
out; a foreman will take infinitely more pains and interest

in making out a report if it obviously leads somewhere, if

it has a purpose that he can understand.

Cost-keeping vs. Bookkeeping.— It has been said

above that the cost system should be tied into the general

accounting scheme. The question arises, "how does cost-

keeping differ, if at all, from bookkeeping?" The
answers have ranged all the way from the statement that

cost-keeping is merely "intelligent bookkeeping" to the

assertion that "cost-keeping should not be allowed to in-

terfere in any way with the bookkeeper's work." Some-
where between these two extremes lies the true relation.

The bookkeeper's figures should, perhaps, tell the whole

story. His tendency, however, is to confine himself to

debits and credits, to the balancing of accounts with

mathematical precision. The engineer uses the same
figures, but uses them to lay bare the engineering aspects

of the job. He is interested rather in quantities of ma-
terials, in unit costs, in efficiencies of performance, and

must devise the means of obtaining such data. Yet these

records of his must dovetail into, and be checked by, the

accountant's figures. Thus the two sets of records are

complementary ; and to design an adequate system of

cost-keeping requires a familiarity with the principles of

accounting, plus a comprehensive knowledge of the en-

gineering features of the particular task involved.

Factors of Expense.—All factors of cost will here be

grouped and discussed under the following heads: (i)

Labor; (2) Materials and Supplies; (3) Equipment; (4)

Overhead Expenses.

Labor.—(By the term labor is here meant simply the

direct or productive labor that can be clearly charged to

one activity.) The fundamental records that pertain to

labor costs are the time record and the pay-roll. The latter

needs no particular comment here. The time-records

should show not only the total time of work of each em-

ployee, hut also the division of that time as desired, on

different activities. As far as practicable, these records

should be certified, either by the employee himself, as is

feasible for an office force, or by foremen or time-keepers,

in the case of laborers ; for the signature adds materially

to the reliability of the record. As to the relative value

of foremen's and time-keepers' reports, opinion differs.

Some writers argue that the former, with the certification

of the foreman to the time-record of each man in his gang,

are much more accurate and valuable than the report of a

time-keeper who can be with that gang, at best, but a

small part of the time. Other engineers, and more especi-

ally men of practical experience, point out that a field fore-

man, as a rule, cordially dislikes to putter with clerical

work, and that both the report he is compelled to make
out and his work of supervision are likely to suffer in

consequence.

Again, the question arises as to the relative value of

written time-reports, and those punched on prepared

forms. The former are more flexible, require rather less

explanation, are more easily erased. The latter are more
uniformly clear and legible, should be more quickly made
out, convey information in a more condensed form, pro-

vide an extremely simple means of duplication, and can

be neither smudged nor fudged.

But whether time-cards or foremen's reports be

adopted, whether the reports be written or punched on a

printed form,—these are questions which must be decided
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in every case upon consideration of the particular job and
workmen involved.

Materials and Supplies.—These two terms are usually

differentiated, the former being applied to raw material

that becomes a part of a finished product, like cement,

steel reinforcement, etc., the latter being used to designate

auxiliaries necessary to carry on the work, which are used

up in course of production, such as coal, oil, small tools,

etc. These classes together form an element of the cost-

keeping system that must be carefully considered. In-

efficient handling and waste of material are usually re-

sponsible for a large share of excessive costs, and it is

only by an efficient stores system that these wastes can be

minimized, and the costs properly apportioned among the

various activities. Such a system involves, besides the

purchasing division of the office, one or more storekeepers,

who care for this property, issue it to the field upon proper
requisition, and receive receipts for all articles issued. At
the end of the month these receipts are tallied with the

inventory and "stores-received" accounts. The best form
of inventory is some variation of the so-called "perpetual

inventory" ; by its use a record of the amount of each
class of material at hand is always available, and the

stock-taking need not be concentrated into a brief frantic

interval, at the end of the year, but can be done gradually,

an item at a time, the ledger or card-system being always
posted for comparison. Such an inventory, to be sure,

requires "perpetual" attention to keep it posted to date.

Some such system as the one outlined above is neces-

sary in order to form a guide for purchasing, prevent un-

due wastes in handling, and provide for even an approxi-
mately accurate distribution of costs. Certain classes of

material, of course, will go to the job in an entirely dif-

ferent and perhaps more direct way,—the sand for con-
crete dredged from a river-bottom, for instance: Their
part in the cost-keeping system requires no special com-
ment here ; except that whatever manner of handling the

materials be adopted, such records of quantities, labor,

etc., should be so kept as to disclose any excessive waste
or unnecessary expense.

Equipment.—This term includes all costs directly con-
nected with units of plant, tools, etc., which have a more
permanent status than the "materials and supplies" al-

ready considered. The proper care and preservation of

such property is an important factor in minimizing costs,

and the cost-records must consider the first cost, life, and
usefulness of each important unit of equipment. The
problem of allocating the equipment costs to the proper
sub-divisions of a job is manifestly a complex one, in view
of the distribution of the services performed by the plant.

One solution often adopted is to charge each activity a

(book) rental for the services of any unit of equipment,
while employed in that capacity. This rental is an
arbitrary rate based on the factors : first cost of the unit,

interest on the investment, operating charges, maintenance
and repairs, time lost through idleness, and depreciation.

Another method of handling equipment costs is to

charge directly to work benefited such items of plant

operation as can be fairly placed against it. For instance,

if a dredge be placing fill in a cofferdam, the daily labor
cost of operation, ordinary repairs, and the daily supplies
of coal and oil, can fairly be charged directly to "coffer-

dam fill." On the other hand, such charges as those for

more extensive repairs, and time lost through idleness,

can hardly be distributed oftener than on a monthly basis
;

while the question of depreciation of plant, and interest

on the investment, will probably be considered annually.
Of these two methods, the first seems to be generally

preferable, in that it is on the whole simpler, and contri-
butes immediately to give a total cost which is at least an

approximation of the true total. The rental charge, to be
sure, will never balance exactly with the true cost of the
service, but must be revised from time to time, and the
discrepancy adjusted.

Of the terms used above, the word "depreciation"
requires some special comment ; the application of all the
others is sufiiciently clear.

Depreciation Is the lessening in value of any perish-
able property. The neglect to take Into account this
factor of cost. Intangible though it is, leads to cost show-
ings that are not justified by facts. The application of
depreciation to certain engineering problems, such as the
evaluation of the railroads, may raise difficult and com-
plex questions. For the present purposes, however, it

suffices merely to describe the most practical working
means of accounting for the depreciation of equipment
engaged in engineering work.

The Straight=Line Method.—This regards the total
depreciation (first cost minus remaining value to end of
probable life) as divided equally over that entire life period,
so that the annual depreciation to be charged off is a con-
stant. In applying this method, of course, the remaining
value and probable life in each individual case, must be
estimated with the help of any available data based on
actual experience. This Is the simplest and most general
method of calculating depreciation for our purposes. A
rough genera] rule recommended by some writers is

:

annual depreciation on machinery, 10 per cent. ; on wooden
buildings, 5 per cent. ; on brick buildings, 3 per cent. ; but
such approximate generalizations have little value in this

connection.

The Sinking Fund Method.—In this case It is assumed
that a fixed annuity is to be set aside at interest to form
a sinking fund, which, at the end of the probable life, will

amount to the replacement value of the unit of plant. The
depreciation at any time, then, being equal to the accumu-
lated theoretical fund, will not increase uniformly, but
slowly at first and more rapidly later than by the straight-
line method. For certain purposes this method, which is

based on the law of compound interest. Is better adapted
than the first.

Still other methods of treating this question have been
devised. Their requirements are not necessary, however,
for the simple case under consideration. What is wanted
is a working formula, such as that furnished by the
straight-line method. While annual depreciation has been
referred to, implying a yearly consideration of this ques-
tion only, it may be advisable to figure, or at least charge,
the depreciation every month.

Overhead Expenses.—This term includes a great
variety of indirect costs that are not covered in the fore-

going classes. Chief among these are: supervision and
miscellaneous labor costs ; office expenses (rent, telephone
and telegraph, etc.); heat, light and power; interest on
investment ; accident and fire insurance ; taxes. The ele-

ment of "plant," with its upkeep and depreciation, which
is sometimes included under this general head, has already
been discussed separately. The application of the cost-

records to this class of expenditures Is perhaps the most
troublesome of all, so difficult is It to find an accurate
method of prorating these charges. In general, it can be
said that the distribution of costs should be made so that

each activity will be charged In proportion as it has been
benefited. But on just what basis the division is to be
made,—whether in proportion to the total expenditure in

each department, or in proportion to the direct labor costs,

or by whatever other method,—all this must be decided
upon consideration of the special circumstances in each
particular case.
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It is rivoijnizcci llial some of these fartois of cost

merely mentioned above,—depreeiation, interest on invest-

ment, etc.,—frequently have an important bearing on the

larger aspects of the project considered as an investment.

These, however, do not ordinarily lie within the province

of the engineer in charge of construction, and are some-

what outside the scope of this article.

WHY HOUSi: CONNHCTIONS TO THE SEWER
SHOULD BE CAREFULLY MADE.

SEVERAL years ago it was the general practice to

use a sewer system to carry off any water or drainage

•which was objectionable to the property owners.

For this reason roof leaders and cellar drains have

been connected to the sewers, and according to C. G.

Wigley, C.l^., in "The Cornell Civil Engineer," most of

the connections have been made with poor jointing ma-

terial, or none at all, so that ground water would be

admitted to the sewer system. This was all very well as

long as the drainage or sewage could be discharged into

the sewer system, and then required no further care or

consideration. In those days the plumber, or contractor,

was permitted great latitude in the method of laying the

connections to the sewer, and also in the manner of mak-

ing the joints in the sewer system, or house connections.

Ihe pipes used were sometimes of that class which to-day

is known as seconds or culls. The joints were sometimes

made with cloth wrapped about the pif)e, with clay, or

with inferior qualities of cement mortar, the method used

(Upending largely upon the particular ideas of the person

doing the work.

In those days the combined sewer system was the type

in use as a general rule. The general idea was to dis-

charge the sewage and drainage water from the surface

of the ground, and certain portions of the sub-soil drain-

age into the sewer system in the least expensive and

easiest manner. There were very few people who thought

that these wastes after being discharged into the sewer

system would ever require any further consideration. The
old idea, which was fallacious in many respects, that a

stream was self-purifying, was deeply rooted, and it re-

quired several vears of nuisances on some streams before

the limitations of the self-purifying actions of the stream

were investigated and determined. ."Vt about the same
time investigations showed that sewage-polluted streams

were not safe sources of drinking water, even though the

offensive odors and nuisances were not apparent at the

point at which the water for human consumption was
taken from the stream. These considerations, with others

of equal importance, resulted in the enactment of laws in

several of the more densely populated states, necessitating

the construction of sewage disposal plants in order to

properly dispose of the sewage.

This action led to a change in policy as to the methods
of constructing sewer sj'stems. Obviously a greater
quantity of sewage required larger treatment works.
Therefore, the separate, or sanitary sewer system, then
came into greater use. In this system of sewerage it was
intended that only the grossly offensive house sewage was
to be received. Xo provision is made for roof drainage,
surface drainage, and only a limited allowance for sub-soil

drainage. It was soon found that it was not an easv
matter to keep underground water from entering the
sewers through leaky joints. The amount of water enter-

ing the sewers in this manner was so great, as in some
cases to m.ikc the sewage disposal plant inoperative for

several davs after each heavy rain storm. This is a serious

matter where the sewage plant is located above some
water supply used by a neighboring city or town. .\l-

tempts have been made to prevent ground water from

entering the sewer system by constructing underdrains,

and by improving the methods of making the joints. The
underdrains are often jointed tile covered with broken

stone, or gravel, and laid alongside and below, or directly

beneath the main sewer. The^e drains receive the ground

water, and discharge it into nearby water-courses, or

storm water conduits, and thus prevent the ground water

from rising above the main sewer and thus entering leaky

joints. The method is only partly successful.

In order to make the joints in better manner various

materials of a compact and waterproof character have

been tried. These compounds include mixtures of sulphur

and sand ; mixtures of tar and oil, with other ingredients,

making a waterproof joint material, such as Jointite and

G. K. Compound. These and some other compoimds are

poured while hot, thus materially increasing the cost of

making the joints. The use of these compounds has in

many cases reduced to a minimum the infiltration of

ground water in the main sewers, and tests made on sewer

systems, just completed, where such materials are used

for jointing often give surprisingly low figures as to

leakage per mile of sewer. These tests have been made
before the house connections were laid. In several in-

stances it was noticed that as soon as the house connec-

tions were made, the amount of ground water entering

the sewers after a rain storm increased at an alarming

rate. This leakage, or infiltration, in some cases was so

great that the pumps and disposal works provided were

entirely inadequate to properly care for the flow of sewage.

At one place, for instance, the sewage treatment works
provided were designed to care for a maximum wet-

weather flow of 900,000 gallons per day. This figure in-

cluded an allowance for probable ground water infiltration.

Imagine, however, what the result must be when over

2,000,000 gallons of sewage and ground water is at times

discharged at the disposal works. Ax another place the

wet-weather flow is so great that the sewage after heavy

storms flows out of the top of the manholes. At still

another place the sewage was backed up into cellars and

flowed out of the manholes into the streets because the

unexpected volume of sewage was more than the sewage
pumps could take care of. Investigations made at various

places failed to show that any appreciable amount of this

water came from roof leaders or surface drains secretly

connected to the sewer system. In order to give some idea

of the direct financial loss incurred by the admission of

this ground w-ater, the following instance is particularly

mentioned : .\t one plant situated on a small inland

stream, where the sewage from a population of about

6,000 persons is treated, the wet-weather conditions were
so bad that it was considered advisable to institute some
form of remedial measures in order to protect a large

water supply, taken from the stream some distance below

the town in question. The estimated cost of the necessary

changes was $35,000, or $5.83 per person. This is a

rather heavy tax.

The investigations mentioned above indicated that

most of the leakage was due to the poor methods used in

making the house connections. In one instance the con-

tractor was found using clay for the jointing material on

the house connection pipe line. In defense of the use of

the material he slated that, ".Ml the other connections in

town were made in the same manner." The use of clay

as a joint material was as early as 1878 discussed by a

leading sanitarv engineer, ;is follows: " Tlu' material most
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commonly used for jointing pipes is clay, which is one of

the worst materials that could be found for the purpose."
There is no reason for any change in this opinion ex-

pressed so long ago. It was also reported to the investi-

gators that joints on the house connections had been made
with mud. This on inspection proved to be a very weak
mortar made wFth a dirty sand of poor quality. Instead

of the clean sharp sand called for in the town ordinance,

a dirty loamy sand had been used. Instead of a mortar,

consisting of one part cement and two parts sand, the

mixture was about one part cement to six parts sand. It

was found that in some cases in removing the caps from
the V-branches that the latter had been broken and then

had been patched in very crude ways, so that large

quantities of ground water were admitted to the sewers.

In one town the wet-weather flow from leaky house con-
nections was considerably reduced by requiring that in

wet trenches the connections should be made with cast

iron pipe with lead joints. It may be thought that a few
leaky joints or a broken pipe on a house connection is not

a serious matter, until a person realizes that the total

length of the house connections is generally equal in

length to the main sewer system, and in some cases even
double the length of the main sewer. For example, if a

main sewer has a connection every 25 feet, and each of

these connections is 25 feet long from the main to the

house, the total length of house connections is equal to

the length of the sewer. Consequently, a few leaky joints

on each sewer connection are in wet soils often capable
of overloading the main sewer.

Some people believe that the admission of ground
water into a sewer system is desirable. This belief is

based upon the assumption that it is necessary to wash
out the sewers, and provide a flow of water adequate to

float the solid material. The benefits of this practice,

however, are greatly overestimated, as a properly con-

structed sewer on a proper grade will cleanse itself, and
if it is necessary to flush sewers laid on a low grade, it

is better to rely on some means of flushing that can be

readily controlled, such as the periodic flushing of the

sewer with a fire hose, hand-operated flushing manholes,

or automatic flush tanks.

Apparently the advisable methods of preventing the

infiltration of ground water into the sewer system by way
of the house connections is to improve upon the methods
of making the joints, and also to improve upon the

methods of placing the caps in the Y-branches. For the

latter purpose disks of galvanized iron have been used, but

would appear to be of little value, due to the rusting out

of this type of cap in unused branches. The ordinary terra

cotta caps may be held in place with a gasket of oakum,
or jute, completely filling the space between the sides of

the cap, and the bell of the Y, and a thin rim of cement
placed over the oakum to hold the cap in place.

As to the methods of laying the pipe, some of the

patented jointing compounds would be of great advantage
when used with care, and by using pipe 3 feet in length

only two-thirds as many joints would have to be made.
The objections to some of the present methods of making
house connections have been pointed out above, and the

financial aspects of the situation have been briefly outlined,

hoping that this subject will be discussed, and that rational

methods for the prevention of this costlv infiltration may
be advanced.

In closing, it is desirable to indicate that there are

certain sewer systems where the admission of certain por-
tions of the ground water is permissible, but this privilege

should only adhere to the combined system of sewerage,
and even in this case the privilege should not be abused.

HIGHWAYS.

By W. Muir Edwards,
Professor of Civil and Municipal Engineering, University

of Alberta.

IN
the fir.st article of this series the general principles

governing the construction and maintenance of

public roads was discussed, and a classification into

Coimtry Roads, Branch and Main Highways was
suggested. The second article dealt with the first of

these, and it is proposed in this article to consider

Highways-
It is to be understood that the distinction made is

between roads constructed of material in place and those

whose roadbed, or at least the centre portion of it, is

built up of material brought and placed therein. This
improved centre portion varies in width from 10 to 24
feet, a width' of from 12 to 16 feet being all that is

required in most instances. The object of bringing in

material and placing it on the natural soil is to make
a hard, smooth surface upon which the rolling resistance

will be small, due to its not yielding under the wheel
loads. To accomplish this it is necessary that the natural

soil, which must ultimately carry the load, be not ex-

posed to too great an intensity of pressure. The filling

material is compacted together and has more or less

rigidity. The wheel loads cause a certain pressure over

the surface of the road in contact with the rim, and this

pressure is distributed by the filler to a much larger area

of the soil supporting the roadbed. The principle is the

same as that used in house foundation, bridge piers, etc.

The filling material is placed on the natural soil,

which has been previously thoroughly compacted by

rolling. This subgrade, as it is termed, may be either

flat, requiring a greater depth of filling material at the

centre to form the crown, or may conform to the shape

of the finished surface, giving a uniform depth to the

filling material throughout. The amount of material re-

quired depends upon the heaviness of the traffic and on
the method of maintenance. There is a constant wearing

away of even this hard roadbed, and this may be replaced

either periodically or by continuous upkeep. In the

former case the initial depth must be such that the im-

proved surface will not wear too thin. This minimum
allowable thickness depends on the traffic and the nature

of the subgrade. The greater the depth, the larger is

the area of subgrade over which any wheel load is

distributed.

The filling material must be sufficiently hard to resist

the crushing action of the loads and sufficiently tough to

prevent its breaking under the continual blows to which

it is subjected by the traffic. There should also be a

binding together of the surface coat and of the body of

the roadbed in order that water falling on the road shall

not find its way dovi'n to soften the subgrade. The ma-
terials generally used are gravel and broken stone, but

if neither of these is available any material which would

satisfy the requirements might be used as a substitute.

One of the functions of the alert highway engineer is

to utilize local material, such as well-burned clinker,

hard brick spalls, slag or other by-products, which may
be economically used in the body of the roadbed, and

thus save the expensive imported material for the wearing

surface.

Pit-run gravel should not contain too great a pro-

portion of sand or of cla}- if satisfactory results are to

be obtained. About ten per cent, of clay or loam is
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necessary to act as a filler and binder, but more than this

is apt to wash to the surface and cause a muddy and

dusty road. It is not possible to get as compact or

waterproof a road with grave! as with stone, and hence

it is more suitable for the lighter types of traflic.

There are two types of construction in broken stone

roads, i.e., macadam and telford, named after the Eng-
lish highway engineers who first used them. The differ-

ence lies in the fact that in a macadam road the layers

of small stone (up to .^4-inch in size) forming the filling

material are laid directly on the subgrade, whilst in a

telford road a layer of large stones is first laid on the

subgrade and the smaller stones laid on these. Thus,
when we speak of a macadamized road we mean one in

which a 1 6-foot strip (more or less) in the centre is filled

6 in. to 8 in. deep with small, broken stones laid in

layers on a rolled subgrade, each layer rolled and com-
pacted, and the whole held together with the pulverized

dust, which, when mixed with water, forni'; a cementary

paste.

Not all stone is suitable for this purpose. Hardness,
toughness and a cementary action on the part of the dust

is necessary. It is p>ossible, experimentally, to determine

tlie characteristic of any projx)sed stone, and this should

be done before any great outlay is undertaken. In fact,

it might be safely said that a properly operated experi-

mental department is an essential to any broad scheme
of roadway improvement.

The comparative tractive efficiency of a hard road
with a smooth surface and an unyielding roadbed is

shown by the study of the following loads, which could

be hauled at two and a half miles per hour on the level

by a 3,000-pound team drawing an ordinary well-lubri-

cated farm wagon with 2-inch tires : Brick pavement,
eleven tons; asphalt pavement, six tons; macadam road,

five tons; gravel road, four tons; ordinary earth road,

two and a half tons ; ordinary sand road, two tons. In

using such comparisons in estimating purely financial

benefits full loads only should be calculated, and the

necessary cost in grade reduction and bridge construc-

tion to allow of heavier loads on the improved roadway
must be allowed for. .\s has already been pointed out
in the first article, the cost per ton mile to a farmer and
a freighter are not the same, and deductions which apply

to the latter cannot be used in their entirety in calcu-

lating the saving to the former. The ease, speed and
frequencj' of intercommunication with neighbors and with
local centres, which does so much to ameliorate agricul-

tural conditions of life, should be kept prominently to the

forefront when discussing road improvements.

The cost of both gravel and broken stone roads is

comparatively large. Local conditions affect the cost

materially, but for purposes of general comparison with
earth roads it might be said that where material can be
obtained locally the cost of a gravel road would be from
Si,000 to $2,000 and the cost of a broken stone road
84,000 to $6,000 per mile. The cost of upkeep for a

gravel road might be placed at $75 and for a broken
stone road at $200 per mile per year. The problem
^\'hi^h has to be faced in Alberta is that over the greater

portion of the Province stone and gravel are conspicuous
by their absence, and there would have to be a large

additional cost to cover freight charges. Just to illus-

trate this, the cost for gravel alone at $1 per cubic yard
for a road 16 feet wide, with a i-foot depth of gravel,

would be over $30,000 per mile. It would seem, there-

fore, that there exists an excellent opportunity for ex-

perimental work looking toward the utilization of other

available material.

As has already been suggested in regard to earth

roads, a judicious mixture of sand and clay might solve

to some extent the difliculties met with in so many places

where the material in place is either sand or clay, neither

of which makes satisfactory roads. The clay expands
with moisture, liecomcs very soft and plastic, and when
dry contracts, leaving cracks in the roadbed. If rutted,

the dried clay ridges are diflicult to work down again

into a smooth surface. Sand, on the other hand, expands
and runs easily when dry and contracts when wet. A
judicious mixture of the two would counteract the ad-

verse tendencies of each, and so make a roadbed with

a more permanently compact body which would with-

stand the action of the rain, be easier to work into

proper shape when rutted, and possess a surface giving

a better grip than does a clay road in wet weather.

In conclusion, it might be said that much remains

to be done along the lines of improving existing earth

roads and experimenting with mixtures of material locally

available. A great improvement can be brought about

by so simple a thing as systematic dragging. It will be

some time before we are justified in seriously under-

taking the construction of roads equivalent to the mac-
adamized highways of older countries, where rock is

more plentifully distributed than it is in Alberta.

MEASURING THE DISCHARGE THROUGH
A VENTURI TUBE WITH A DIRECT

READING METER.

A new method has been described by J. Dejust in

Comptes Rendus, in which the usual apparatus for measur-
ing the pressure difference between the full and the con-

tracted sections of the tube and the integrating mechanism
are replaced with an ordinary meter. The difference in

pressure between the large and small sections of the tube

causes a discharge between these two points.

The intake of the meter is directly connected to the

full up-stream section of the tube ; between the outlet and

the down-stream contracted section of the tube a dia-

phragm is introduced. The algebraic expression of the

ratio of the discharge through the tube to that through the

by-pass containing the meter shows that this ratio is not

constant. By adjusting the section of the by-pass tube and
its diaphragm, however, the terms which are not constant

can be reduced to a negligible value and the ratio made
substantially constant for various rates of discharge. The
constancy of this ratio has been tested on a line 100 mm.
in diameter, provided with a Venturi tube having a con-

traction of 16 to I, with a by-pass 20 mm. in diameter, a

meter orifice of 12 mm., and a diaphragm calculated to

make the ratio of meter discharge to flow through the line,

I to 100. By varying the velocity in the line from 0.16

meter to 1.23 meters, the ratio varied from 103.82 to

105.53; that is to say, 1.65 per cent, of the smaller

number. Reckoning from the mean of these two values,

104.675, the maximum error will be 0.82 per cent, of the

true discharge.

Statistics show that since 1908 the increase in the use of

crcosoted wood block in the United States has been very

rapid. For example, in igoS, 1,260,000 cubic feet arc reported

to have been laid, which amount was increased to a total of

10,000,000 cubic feet in ifjii. Recent years have shown even

greater increases, 1914 alone approximating 4,800.000 cubic

feet of wood pavement.
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CONCRETE HIGHWAYS SUBJECTED TO EX-
THEAIES OF TEMPERATURE.

By H. S. Van Scoyoc, Assoc.M.Can.Soc.C.E.*

THIS paper is based on observations made by the

writer in every province of Canada, except British

Cohimbia. Pavements under construction have
been observed, and in some cases have been in-

spected year after year with a knowledge of materials

and methods used in their construction. Temperature
ranges of 120° F. are not unusual and in some cases reach

150° F. In some sections below-zero weather occurs for

several weeks at a time, so that the depth of frost is

greater than in most parts of the United States. The
effects of these conditions on concrete roadways can be

discussed in three groups

:

(i) A breaking up of the surface due to mechanical

frost action.

(2) Expansion and contraction due to temperature

changes with the formation of transverse cracks.

(3) The upheaval of slabs or parts of slabs with the

likelihood of longitudinal cracks occurring.

Mechanical Frost Action.—While it is possible that a

porous concrete, weak in cement, might tend to break up
on account of expansion caused by freezing, there is small

likelihood of this trouble occurring if a satisfactory quality

of concrete is secured. No actual case of this kind has
ever come to the writer's attention. This must not be
confused with the damage that results when concrete is

laid in freezing weather or is frozen before it has had suf-

ficient time to set up properly. This is a real danger and
is one difficult to remedy after it has taken place. In

addition to rutting or picking up under traffic concrete

roadways laid in freezing weather may lack sufficient

strength to withstand the stresses that the succeeding

winter and spring induce.

Expansion and Contraction Due to Temperature
Changes.—The first thought with regard to the effect of

such ranges of temperature on expansion and contraction

is that it would prove serious. When it is realized, how-
ever, that most paving is laid at a temperature of at least

60° F. and that the thermometer will rarely rise above 90°

F., the amount of expansion to be provided for on account
of temperature change is not large.

The drop in temperature in winter produces a con-

traction which to a considerable extent provides for ex-

pansion during the hot weather. Contraction is very
evident during Canadian winters. In 1914, the Canada
Cement Company, Limited, laid a concrete road about
one-half mile in length at their Point Aux Trembles plant,

near Montreal. It was constructed to serve as an outlet

for heavy traffic from the plant, but was to some extent an
experimental road. About i ,000 feet was one-course work
reinforced, a second thousand feet was two-course work
reinforced, and the remaining section was standard one-
course work without reinforcing. Hydrated lime equal to

10 per cent, of the cement by weight was added to about
one-half of each section. In both of the reinforced sec-

tions an attempt was made to have the work continuous,
special care being taken to have the nevi' concrete bond
with the work of the preceding day, the reinforcing in all

cases overlapping. For several weeks after the concrete
was laid the weather was quite warm and apparently all

of the sections had bonded, for no transverse cracks were
noticeable, although a close watch was kept from day to

day. A sudden change in temperature, of about 50°, oc-

*Chief Engineer, the Toronto and Hamilton Highway
Commission.

curred, and over night a noticeable transverse crack ap-

peared between successive days' work except in one in-

stance where less than 50 feet of concrete had been laid

during a day owing to a mixer break-down. During the
winter some of these joints opened to a width of more than
half an inch. Other instances could be cited showing very
noticeable contraction. .\t present the writer cannot re-

call a single instance, however, where there has been
creeping of one slab on the other or evidences of buckling
where transverse joints l{ inch wide have been provided
at intervals not greater than 35 feet and have been
properly maintained.

It is during the winter and very early spring that the

contraction is most marked, and there does not seem to

be the lag due to moisture change that has been reported

from localities further south.

While some transverse cracks are undoubtedly due to

improper filling o\ er pipe or box culverts, the writer be-

lieves that many of them represent carelessness in stopping
work other than at a vertical joint.

Heaving.—Concrete pavements in Canada hgve shown
evidences of heaving. During the winter of 1913 a street

at Steelton, Ont., adjoining the Canadian "Soo," was
raised by frost two inches fron actual levels taken by the

town engineer. It returned to place with no damage ex-

cept a longitudinal crack. In a street in Truro, N.S., laid

in 1913, one slab raised about two inches, as was shown
by its elevation above the combined curb and gutter ad-

joining. It settled back into place in the spring without

even developing a crack.

Station Street, Oakville, was paved in 1914. In a

length of about a mile there is only one spot where cracks

have developed and there is known to ha^'e been an under-

ground spring there that was not properly taken care of.

This work is reinforced and the crack has not opened
to any noticeable extent. It has been given no repairs

to date.

An exceptional spell of warm weather in January of

this year took all of the frost out of the ground along the

Toronto and Hamilton highway. The completed portion,

about 17 miles in length, was carefully inspected. In only

one spot had longitudinal cracks developed, and there only

three slabs were affected, .^t this particular spot the side

ditches were not taken down to their full depth until after

the concrete had been laid. In digging the ditches, quick-

sand was encountered and it is now very evident that when
the thaw saturated the ground there was a lateral move-
ment of the subgrade material into the open ditch on the

north side of the road, leaving the slab on that side un-

supported. It settled and a longitudinal crack developed.

The slab is noticeably lower on the north side of the crack

than it is on the south side.

During the summers of 1911 and 1912 there was laid

near Winnipeg, Man., several miles of what has some-

times been spoken of as a concrete road. It was actually

constructed as a base for an asphalt pavement, but in an

endeavor to reduce the initial cost it was not covered.

The mixture was about 1:3:6, and no transverse joints

were made. It was laid on the natural soil, gumbo, a very

retentive clay, and was given only the attention that sub-

base work usually gets. It developed transverse cracks

approximately every 30 feet, and during the first winter

developed a number of narrow longitudinal cracks. It

received no maintenance. The second winter opened up
the longitudinal joints until many of them were more than

an inch wide. By another spring some of them looked
like gullies.

Less than a mile from this location there was laid in

191 3 a road under much more satisfactorv conditions.



.?,Vi THE CANADIAN ENGINEER Volume 30.

altliouyh it also was laid on the natural soil and the drain-

age iJiovidid was held tile placed only about 10 inches

below the surface. This road went through the first

winter with only about eight cracks in a length of 2
'4.

miles. The second winter, however, largely on account

of defects in the drainage, developed a much larger

number of cracks, although the road is still in a satis-

factory condition.

In the late summer of 191 2 a portion of the King
Edward highway, passing through the village of Napier-

ville. Que., was laid of concrete, being more or less an

experiment by the Department of Roads of the province.

The grading was carefully done by day labor by the De-
partment of Roads and was thoroughly rolled. The con-

crete work was carefully done by a conscientious con-

tractor with many years' experience in concrete work.
This road has passed through four winters. Four cracks
have developed. They have been filled once each season
and the road is as good as when built, although it gets all

the through traflic from Montreal to New York State, as

well as the local traffic of the village.

Other instances could be given of longitudinal cracks
developing, but enough has been said to show that in

some cases the trouble has been caused by settlement of

the sub-grade near the edges of the concrete, due to im-
proper preparation of the sub-grade. Sometimes boggy
spots beneath the concrete have not been properly drained

;

the system of drainage provided has not permanently kept
the sub-grade dry. In practically every case mentioned
there is sufficient evidence to show that lack of proper care
rather than climatic conditions has led to cracks. Rein-
forcing has had a beneficial result in some cases at least,

by adding sufficient tensile strength to avoid the forma-
tion of cracks.

Canadian weather does not prevent the building of

successful concrete roads, but it does serve to emphasize
the advisability of thorough drainage, the careful carry-
ing out of proven methods of construction and the abso-
lute necessity for a maintenance system that takes care
of defects when they appear.

A great irrigation system in India was opened of-

ficially in December. It comprises three separate but
connected canals—the Upper Jhelum, the Upper Chenab
and the Lower Bari Doab. These aggregate 322 miles in

length, with about 22,645 miles of auxiliary channels and
laterals. They provide for the irrigation of about 2,200,000
acres of arid land in the Punjab province, in the northern
portion of the country. As described in a paper presented
before the Institution of Civil Engineers by Sir John
Benton, the eastern portion of the Punjab had a tract of

1,500,000 acres of arid but good land which could not be
irrigated from any water supply near at hand, owing to

previous utilization and reservation of such supply. On
the western side of the province the Jhelum River pro-
vided a large and unused amount of water. To deliver

it to the arid lands necessitated extensive and difficult

works, with the crossing of two large rivers and numerous
mountain streams and torrents. Bridges are spaced at

average intervals of 1.6, 1.5 and 3.4 miles for the three

canals respectively. The regulating works, etc., are

largely of brick. Chambers in the floors provide settling-

basins For the silt and so reduce erosion of the masonry
floor. Inspectors' houses are placed at inter\-als of about
10 miles. There is a complete telegraph system. Flour
mills have been located at some of the falls on the canals.

The project has been carried out bv the provincial govern-
ment of the Punjali at a cost of aljoul 835,000,000.
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Calgary, Alia.—The new concrete pier uiulcr llie

Ogcien iMidge has been completed.

Toronto, Ont.—The new main sewer on Dundas
Street, between Humberside Avenue and Runnvmede
Road, has been completed.

Brantford, Ont.—Freight services on the Lake Erie

& Northern Railway between Brantford and Gait was
opened on March ist, giving Brantford connection with
the main line of the C.P.R. at Gait.

Spirit River, Afta.—The Gurney Scale Company, of

Hamilton, Ont., recently shipped a 6-ton dump scale to

this place. This will be the furthest north in Canada that

a dump scale has ever been operated.

Victoria, B.C.—The F. & N. Railway Company has
been given until April loth to sign the agreement respect-

ing the proposed Johnson Street bridge, otherwise no
further negotiations will be carried on with it.

Vancouver, B.C.—An arrangement has been made
for the Dominion Government to pay the province more
than the latter's $300,000 for the Kitsilano Reserve and
to hand It over to the harbor board to develop as an in-

dustrial centre.

Sarnia, Ont.— .\t a meeting held to discuss whether it

would be advisable to use 25-cycle power from the Hydro
or maintain the present 60-cycle plant, it was shown by
the Hydro engineer that the former was much cheaper for

power purposes.

Ottawa, Ont.—A deputation from the Trent Valley

was given encouragement in its application for hydro
power for eastern Ontario. The obstacle at present lies

in disputed jurisdiction of the provincial and federal gov-
ernments over water powers.

Ottawa, Ont.— It was announced during the budget
debate that a new process for refining nickel had been dis-

covered in Canada by which 100 lbs. of matte could be

converted into 50 lbs. of metal in 48 hours. The process

will be applicable to low-grade as well as high-grade ores.

Victoria, B.C.—The contract for the Canadian
Northern Pacific Railway Company's bridge over the

upper arm of the harbor has been let and plans are under
way for the permanent bascule span which will provide

for a clear opening of 70 ft. for purposes of navigation.

Toronto, Ont.—The Ontario Legislature will approve
the plans of the engineers of the Hydro-Electric Power
Commission of Ontario for a large power development in

the Niagara Peninsula. It is said the immediate develop-

ment will be 100,000 h.p., and there are visions of an

ultimate capacit}' of qoo,ooo h.p.

Vancouver, B.C.— It is expected that arrangements
will be completed shortly whereby the Canadian Northern
Railway will purchase right-of-way along the Eraser

River, which will enable it to link up its main line with

steel already laid on Lulu Island, extending to the pro-

posed permanent ferrv terminus at Woodward's Landing.

Moose Jaw, Sask.—The Canadian Pacific Railway has

installed a pumping unit at the high-pressure reservoir.

This, in conjunction with the advent of milder weather,

has relieved the vi'ater situation considerably. More water

each day is being secured from Caron, and if the warm
weather continues the flow will soon commence to ap-

proach normal.
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SELECTION OF ENGINEER OFFICERS.

At the last annual meeting of the Canadian Society of

Civil Engineers, a resolution was framed offering to co-

operate with the Dominion Government in the training of

competent officers for the engineering branches of the

service. The resolution also tried to impress upon the

government the importance of requiring that all engineer

officers should have had practical engineering training be-

fore receiving commissions. This resolution was duly

forwarded to Sir Robert Borden and Sir Sam Hughes.

The Council of the Society has not as yet made public

the replies that it received, but it is unofficially understood

that the replies were of a most unsatisfactory character.

If this is true, it is most unfortunate. The Canadian
Society of Civil Engineers is in the best possible position

to assist the government, not only in the training of en-

gineer officers, but, what is more important still, in the

selection of those officers. The military authorities can-

not be so well posted regarding the engineering ability of

the various applicants, as are the members of Council and
the branch executives of the Canadian Society.

The Canadian authorities would be well advised

were they to follow the lead of the British authori-

ties in this regard. In England no person is admitted
to the Royal Engineers except on certification by
the president of the Institution of Civil Engineers. .'\n

inspection of the form that must be used by all who apply

in England for appointment to a commission in the regular
army during the war, shows that a candidate for a cavalry

regiment must apply to the officer commanding a cavalry

regiment ; that a candidate for an infantry regiment must
apply to the officer commanding a service battalion or a

battalion of the special reserve ; that a candidate for the

Royal .Artillery or for the Arm}' Service Corps must apply

to the War Office; and that a candidate for the Royal
Engineers must apply to the president of the Institution

of Civil Engineers.

CIVIC IMPROVEMENT LEAGUE.

Every opportunity offers to the Civic Improvement
League to do noteworthy work. If political patronage

and personal glorification are not allowed to dictate the

actions of this body, some real good can be expected to

result from their efforts. We suppose it is only natural

that in launching any national movement of this sort, some
persons must be included in the organization who have

little or no contribution to make excepting nice-sounding

speeches.

It will be imfortunate, however, if too many poli-

ticians and self-seekers are permitted to mould the affairs

of the League. The chairman of the Dominion Council

of the League undoubtedly has borne this in mind, how-
ever, because the list of provincial and national representa-

tives that he has named appears to be more free from this

sort of thing than one might expect.

It is worthv of comment, however, that among the

list, as published in the daily newspapers, there does not

appear the name of any representative of any engineering

organization. One could reasonably suppose that the

Canadian Society of Civil Engineers would be represented

very strongly in this movement. Engineers should take,

and should be permitted to lake, not only a large part but
the largest part in this movement, because, by their train-

ing, engineers are most fitted to deal with questions of

civic improvement. .And as a matter of fact, even among
the engineers, the only ones who are fully competent of

doing any real work in this regard are those who have
been specially trained in the department in c]uestion.

LETTER TO THE EDITOR.

Re "An Interesting Point in Retaining Wall Design."

Sir,—Referring to Mr. E. M. Proctor's letter, which
appeared in your issue of February 17th, entitled "An
Interesting Point in Retaining \Vall Design," I beg to

submit the following reply to his enquiries;

—

The analysis in Case No. i is correct, providing the

tension in the back of the wall is taken care of by rein-

forcing rods. This condition could also exist without the

presence of the reinforcing rods, provided the tensile value

of the concrete is sufficient to take care of the tensile stress

and is not destroyed by the development of cracks.

The analysis in Case No. 2 is correct, providing the
tensile value of the concrete is zero and reinforcing rods
are omitted. This condition will occur when no reinforc-

ing steel is used and cracks have developed in the back of

the wall, thus destroying the tensile value of the concrete.
The appearance of cracks in the back of a wall, which is

almost sure to be the result if Case No. 2 is used,*is ex-
ceedingly undesirable and also detrimental to the safety

of the wall.

The analysis in Case No. 3 is not correct, as the wall

cannot be assumed as a beam under simple bending, be-
cause we have in this case both simple bending and direct

stress in the section of wall under consideration. The
M

formulae fc = is applicable onlv to reinforced

^zkfhiV
concrete beams under simple bending and therefore can-
not be applied in the above case.

R. L. HEARN.
Toronto, February 25th, 1916.

CIVIL SERVICE COMMISSION OF CANADA.

The Civil -Service Commissioners announce that ap-

plications for two technical clerkships for temporary
employment in the topographical branch of the Depart-
ment of the Interior will be considered from graduates in

Applied Science or honor mathematics of some recognized

university or those who have passed the final examination
for Dominion Land Surveyor or an equivalent exami-
nation. Salary will be at the rate of $100 a month and
application forms must be filed in the office of the Civil

Service Commission, Ottawa, by the 20th of March.
Application forms may be obtained by addressing the

.Secretary of the Commission at Ottawa.
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PERSONAL. OBITUARY,

D. H. McDOUGALL, Mcm.Can.Soc.C.E., has been

appointed general manager of the Dominion Steel Cor-

poration.

Capt. F. D. BURPEE, superintendent of the Ottawa
Electric Railway, will be major of the 207th Battalion re-

cently authorized to be recruited in Ottawa.

Lieut. R. M. C.'VLVIN, 5th Field Company, Canadian

Engineers, has been slightly wounded in a recent engage-

ment in France. Lieut. Calvin is a recent Science graduate

from Queen's.

F. W. THOROLD, of Toronto, W. S. LEA, of

Montreal, and F. .\. DALLYN, engineer of the Ontario

Board of Health, have been appointed to report on the

Sarnia waterworks.

JOHN COLLINS has been appointed general man-

ager of the Canadian Steam Boiler Equipment Company,
Toronto. Mr. Collins was formerly supervising engineer

with Gillespie Bros., Toronto.

BERTRAM W. SETOX has temporarily severed his

connection with the Dominion Engineering and Inspec-

tion Company in order to take charge of the adjustment

department of the Imperial Munitions Board.

FORREST & LIGHTFOOT have opened an office in

Quebec City as engineers and contractors. Both members
of the firm have been connected with the National Trans-

continental in the construction of shops at Transcona and

Quebec.

ALEXANDER C. HUMPHREYS, president of the

Stevens Institute of Technology at Hoboken, N.J., and

one of the leading engineers of the United States, was

the speaker at a Canadian Club luncheon held in the

Chateau Laurier, Ottawa, recently.

E. P. ROBERTS, consulting engineer, of Cleveland,

Ohio, called at The Canadian Engineer office last week

on his way to the Cobalt District to report on a water

power project which United States capitalists may finance.

Mr. Roberts is a past president of the Cleveland Engineer-

ing Society and has in the past reported on several other

Canadian water power schemes.

FRANK G. WALL.\CE, of Pittsburgh, Pa., for

many years a director of the Canadian Locomotive Com-
pany, has accepted the position of managing director of

the company, and WILLIAM CASEY, who has held the

position of assistant general manager, has been promoted

to be manager. The resignation of A. W. WHEATLEY
as general manager was announced recently.

CHAS. J. MURPHY, B.A.Sc, A.M.Can.Soc.C.E.,

who for the past five or six years has been chief engineer

of the Crow's Nest Pass Coal Co., The Morrissey, Fernie

& Michel Railway, and the Crow's Nest Pass Electric

Light & Power Co., has decided to enter private practice,

and has opened an office as a consulting engineer, in the

Nova Scotia Bank Building, St. Catharines, Ont. Mr.

Murphy is an S.P.S. graduate. Previous to going west,

he was on the metallurgical staff of the Canadian Copper

Company.

The Panama Canal dredging fleet has. established a

new record for 24 hours, having taken 57,300 cubic yards

of earth out of the Gaillard Cut in that time.

The previous high mark was less than 45,000 cubic

yards. Of the amount taken out in the record achieve-

ment the dredge "Cascadas" alone removed 23,500 cubic

yards. The prior record for a dredge was held by the

"Paraiso," with 18,000 cubic yards.

WILLIAM A. L.WIN, a well-known contractor of

Moose Jaw, Sask., was killed a few days ago in an auto-

mobile accident at Long Beach, Cal.

WALTER R. LEAVENS passed away at his home
in Halluwell Township, Ont., recently, at the age of 59.

He had been road surveyor for the township of Hallowejl

for many years, and had superintended the construction

of most of the bridges in that district.

G. G. SHELDON WILLIAMS, of \'ictoria, B.C.,

who for 17 years was editor of the British Columbia

Mining Exchange and Engineering News, died recently.

He was a member of the Canadian Mining Institute and

did a great deal of wark in connection with circulating

information about British Columbia's mineral wealth.

STEVENSON LAMBE, consulting engineer of New
York, died recently. Mr. Lambe, who was in his 79th

year, has held many important posts. In 1857 he was ap-

pointed city surveyor of New York; later he became chief

engineer of sewers. He also planned and built New
York's first cable road in 1883. As consulting engineer

for the department of works he introduced a system of

improved street pavements, which is in extensive use

throughout the United States. In 1897 he was appointed

consulting engineer of sewerage in connection with the

rapid transit tunnel. Mr. Lambe was one of the original

members of the American Society of Civil Engineers,

having been elected in 1868.

VICTORIA BRANCH, CANADIAN SOCIETY OF
CIVIL ENGINEERS.

At the meeting of the branch held on February 22nd
a very interesting lecture on "Modern Bridge Architec-

ture" was given by C. E. Fowler, C.E., of Seattle. Mr.

Fowler discussed bridges in a non-technical manner, going

into the history of bridge building, as well as fully describ-

ing modern types of bridges. His address was well

illustrated with photographic slides.

CALGARY BRANCH, CANADIAN SOCIETY OF
CIVIL ENGINEERS.

The Calgary branch recently gave a dinner in honor
of C. D. Howe, chief engineer of the Dominion Govern-
ment Grain Commission. Following the dinner, Mr.

Howe gave an address on the construction and purposes of

government internal storage elevators, illustrating it with

views of the elevators, particularly of the Calgary one.

At a meeting of the branch held on February 24th,

an innovation in the way of a "ladies' night" was tried,

and all present agreed that it was a success.

After the dinner. Dr. J. G. Rutherford, superinten-

dent of agriculture and animal industry, C.P.R., Depart-

ment of Natural Resources, addressed the meeting. Dr.

Rutherford chose "Some Thoughts on the Present World
Situation" as his subject. He stated that the world, as

we know it, is barely one hundred years old by reason of

the remarkable development that has taken place in the

last hundred years.

L. K. Comstock and Company, contracting engineers,

have opened their C.-in.nflian offices in Room No. 6og New
Birks Building, Montreal, with Douglas-Milligan Company
in charge as their representatives.
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UNIQUE CHIMNEY CONSTRUCTION
A DESCRIPTION OF THE MONNOYER SYSTEM OF REINFORCED CONCRETE
CHIMNEY CONSTRUCTION, WITH SOME DETAILS OF CONSTRUCTION CONCERN-
ING THE FIRST EXAMPLE TO BE ERECTED IN THE DOMINION OF CANADA.

By C. V. JOHNSON, A.M.Can.Soc.C.E.
Eng^ineer for Jos. Gosselin. Contractingf-Engineer.

OF recent years an agitation has been on foot with

a view to the improvement of factory and machine
shop buildings from an architectural standpoint.

Much time and money has been spent in preparing

plans of buildings which would combine the desired utility

with a pleasing harmony of appearance. This to escape

the end, which has too often been the result of a lack of

Considering the question again from a larger aspect,

not only is there a benefit to be obtained by the community
from the prosperity of its individuals, but the appearance
of the structures by which it is surrounded undoubtedly
plays a large part in its value to the country at large.

Admitting, then, the value of appearances, it remains
for us to consider the question of means; and when these

Fig. 1.

—

Blocks Ready for Use.

artistic sense in design, of these structures becoming a

blot on the landscape. Time and money thus spent is

well repaid in the results obtained, and no doubt many
proprietors have already come to realize this. It may be
argued that an artistically designed factory building will

not bring any larger return for its output than one of

similar capacity but less pleasing exterior. Nevertheless,

it would appear that there must be an advertising value

in the impression conveyed on the public mind by the ap-

pearance of the place in which the products are prepared
for use : such an impression being undoubtedly a factor in

influencing the selection of the article desired.

Any large manufacturer will spend considerable sums
on advertisements designed to please the consumer, and
what more efficient. advertisement can there be than an

artistically beautiful structure with harmonious sur-

roundings?

Fig. 2.—Laying the Blocks.

means are placed at our disposal without having to resort

to an increase of expenditure, it behoves us to take ad-

vantage of them. It is one of the purposes of this article

to show that these objects may be attained, at least in the

case of a structure which is, in almost every city and town,

one of the most prominent features ; that is to say, the

inevitable tall chimney, which is almost sure to obtrude

itself on the eye at every turn.

So often is the aesthetic sense offended by the sight

of an ungainly, though mathematically correct, mon-
strosity, towering high above the surroundings, with ap-

parently no regard for anything but its utility as a means
of polluting the atmosphere with dense clouds of smoke
and gases. True, in many instances proprietors have risen

above the consideration of mere dollars and cents, and
succeeded in erecting chimneys which combine both utility

and a fairly pleasing appearance. These chimneys are
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Fig. 3.—Details of Blocks.

generally of brick construction, brick having, until recently,

lent itself more readily to the attainment of this object

than either steel or concrete. But, on the other hand, in

so many cases the question of expense has acted as a de-

terrent, and resulted in the erection of a structure which

is anything but pleasing to the eye.

The difficulty, then, has resolved itself into a question

of combining architectural beauty with economy of con-

struction. The economic advantages of reinforced con-

crete are indisputable, this having been recognized some

years since by our neighbors across the line, with whom
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however, some years before this—to be exact, in tht' year

1906—that our Belgian confreres had evolved a reinforced

concrete chimney construction which combined stability,

and economy and rapidity of construction with an artisti<'

appearance unequalled by any other design.

In 1914 the first chimney of this type to be erected in

Canada was constructed for the National Transcontinental

Railway shop plant at Quebec. Of this chimney a more
detailed description will follow.

General Construction.—For a general description of

the Monnoyer chimney a translation of the information

imparted by the Belgian engineers themselves will be

given. On general lines it is as follows :

—

Fig. 6.—Forms for Foundations.

"The basic principles of the construction is, in the

larger aspects, similar to other designs ; that is to say that

they are composed of a foundation, a base, and a shaft,

all of which are of reinforced concrete.

"The foundations and footings being constructed at,

or in the vicinity of, the ground level, do not present any
unusual problem, but it is the shaft itself wherein rests

the niceties of construction.

"The shaft is constructed of blocks 10 ins. in height
for the current diameters. These blocks, which vary in

number in accordance with the diameter of the chimney,
constitute by their assemblage a course which is then 10

ins. High. Each one of them is formed with a hollow pro-
jection or hook at one end (Fig. i), which is set immedi-
ately over the corresponding projection on the block below.
These projections constitute also the vertical ribs of the
chimney, and it is in these ribs that the vertical reinforcing
bars are placed (Fig. 2). The reinforcing bars are
carried up continuously by means of joints the full height
of the chimney, and are at the same time firmlv anchored
in the foundations.

"The blocks themselves, which may be constructed in

a work-shop or any convenient place, are reinforced with
steel rods to make them capable of enduring the strain of

transportation and -placing. Each block has in its upper
surface a groove, in which is lodged the horizontal rein-

forcing rod, forming a bond sunk in the joint.

Fig. 7.—Foundations with Forms Removed.

"The square end of the block is set in the head
of the block adjoining ; that is to say, the portion

which constitutes the rib ; and as this method of

placing allows of considerable latitude in the set-

ting of the blocks, it permits a variation in the

diameter of each course, thus obtaining the conical

shape so indispensable to a favorable appearance.

"The operation of erecting is effected very
rapidly ; masons working in the interior of the

chimney, receive their blocks ready to lay, put them
in place, mortar the 10 inches in the interior of the
rib, prepare the joints ftor the new blocks, and con-
tinue very rapidly to lay them.

"The chimneys are, in general, terminated at their

summits by one or two bands of specially constructed
bl(K-ks, and a cast iron coping."

Fig. 8.— Baclifillin^ Arouiid 1 .,

Havward Bucket.

with
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Fig. 9.—Placing Blocks with Derricks.

The Canadian Example.—The chimney constructed at

Quebec for the locomotive shop plant of the National

Transcontinental Railway is 200 feet in height above the

ground level. The Inside diameter at the summit is 9 ft.,

and at the base 14 ft. The foundations were carried down
to solid rock, which was encountered 19 ft. below the

surface. The smoke flue, which opens into the chimney

below the ground le\el, is 1 1 ft. 5 ins. high by 5 ft. 6 ins.

wide inside, and is constructed of reinforced concrete.

The vertical reinforcing rods in the foundations were

carried into the footing almost to the base, and continued

to the top of the foundation, overlapping and bonding

those of the superstructure for a length of from four to

five feet.

In constructing the foundation the footing was first

poured for a depth of one foot, then the vertical rods were

set anc3 held in place by means of wood framing, as shown
in Fig. 5. After these rods were placed the balance of the

fooTing, about 3 ft., was poured, and allowed to set. The
framing was then removed from the rods, and the forms

for the balance of the foundation constructed (Fig. 6).

The concrete in the footings was poured by means of a

derrick and a bottom-dumping bucket ; but for the upper

portion it was found more convenient to use barrows,

owing to the limited space between the forms, and the

quantity of steel which had to be held in place during the

work. Before reaching the top of the foundation the rein-

forcing rods Tor the superstructure were placed and the

concrete poured around them. The concrete was then

allowc3 to set and the forms removed before commencing
lo lay the blocks. An illustration of the foundation ready

to receive the blocks is shown in Fig. 7 ; and the back-

filling of the earth around it with a Ilayward orange peel

bucket in Fig. 8.

Tamping Concrete in the Forms.

In the meantime the making of the blocks was pro-

ceeding in an adjoining shed, so that by the time the

foundation was completed there were sufficient blocks on

hand to keep the erection

going continuously.

The blocks were made
in four collapsible forms,

these being so constructed
that they served equally

for all blocks from 4 ins.

to 9 ins. in thickness, and
any length desired. The
labor employed consisted

of two masons and three

helpers, the concrete being
mixed in a small gasoline-

driven mixer. The con-

crete, which consisted of a

1:2:4 mixture, was placed

in the forms in a semi-dry

state, the reinforcing rods

inserted, and the whole
well tamped (see Fig. 10).

Immediately upon the com-
pletion of a block it was
removed from the form
and placed to one side, to

be sprinkled daily for a

period of about two weeks
or until ready for laying.

It is perhaps needless to

state that the forms were
well cleaned and soaped
after each operation. The
whole operation of making
the blocks, 3,290 in all,

occupied 82 working davs,

or an average of approxi-

mately 40 blocks per day.

On September 16, 1914, Fig. II.—Completed
the first blocks were laid Chininev.
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on the foundations, and the chimney completed on De-

cember loth following. The construction could have been

carried on much more rapidly, but as there; was no par-

ticular hurry the men worked only in fine weather, and

occupied themselves in bad weather making blocks under

shelter. The labor employed in erecting the chimney con-

sisted of two masons and five helpers. With this force

it is possible to lay six courses of fourteen blocks each in

one day.

In the erection the blocks were at first hoisted into

place by means of a steam-driven derrick (Fig. 9), and

the mortar hauled up in buckets with a rope. When the

chimney had attained too great a height for the derrick

a hoist was installed on a platform in the interior, and a

gasoline engine placed at the end of the smoke tunnel in

the power house. By this method the blocks and mortar
were hoisted up inside the chimney, and the construction

continued thus until the finish. Fig. 11 is a view of the

completed chimney taken in the summer following its

erection.

For the mortar forming the bonds between the blocks

a mixture of one of cement to two of sand was used. The
chimney was lined inside with 4 ins. of firebrick set in fire-

clay, to a height of 50 ft. above the top of the smoke
flue. A sectional steel ladder was built up along with the

erection of the chimney, the supports being tied into the

vertical reinforcing rods. The whole was surmounted
with a cast iron cap, similar to that shown in Fig. 4, into

which was set the lightning rod.

The design for the shaft of the chimney was prepared

in Paris, France, by the engineers of the Monnoyer Com-
pany. The foundations were designed by, and constructed

under the supervision of, the engineers of the general con-

tractor, Jos. Gosselin, of Quebec and Levis. The sub-

contractor for the erection of the superstructure was the

firm of Ed. Pelletier & Fils, of Quebec, which firm holds

the patent rights for this system in Canada and the United
States.

In conclusion it might be stated that this system of

reinforced concrete is also successfully used in the con-
struction of water tanks, condensers, and dust towers,
many beautiful examples of which may be seen in the

various countries of Europe.

A NOVEL RAIL SECTION.

The offices of the Mexican Petroleum Company, the
Huasteca Petroleum Company, the Petroleum Transport Com-
pany and the Caloric Company have been moved from 52
Broadway to 120 Broadway, New York City.

The estimated value of the forest products of Canada in

1914 was $176,672,000, as compared with $177,120,000 in 1913,
$182,300,000 in igi2, and $170,600,000 in 19 n. The total of

$176,672,000, representing the value of the production of 1914
was made up as follows : Lumber, lath and shingles, $67,-
500,000; firewood, $60,500,000; pulpwood, $15,500,000; posts
and rails, $9,500,000; cross-ties, $9,000,000; square timber
exported, $400,000; cooperage, $1,900,000; poles, $700,000;
logs exported, $850,000; tanning materials, $22,000; road
mining timbers, $500,000; miscellaneous exports, $300,000;
and miscellaneous products, $10,000,000. Spruce is the most
important wood in Canada for the production of lumber and
pulp. Maple is used for firewood as well as for furniture,
cars, agricultural implements, hardwood flooring and distilla-

tion. Cedar is the most important wood in Canada for poles,
fence-posts and rails, cross-ties and shingles. White pine and
Douglas fir are important lumber species. Beech, poplar and
jack pine are used in large quantities for fire wood. Red pine,
hemlock, and tamarack are lumber woods of less importance.
Balsam fir is an important pulp-wood. Yellow pine grows in
the interior of British Columbia, and covers a large area in

the dry belt. Elm is an important cooperage wood, together
with oak, ash, and basswood.

.A. marked departure from the commonly accepted
designs of rails is seen in a rail now in use in 40 ft. of

track on the main line of the .Minneapolis, St. Paul & Sault
Ste. Marie near Minneapolis, Minn. The rail is made up
of three separately-rolled members, as shown in the accom-
panying cross-section. The central portion, shaped like

the English bullhead rail, is enclosed except the head, by
two T-shaped supporting sections, the three pieces being
of such proportions that the central part is supported on
the underside of the head and also on the base. Holes
are provided in the outstanding legs of the supporting
sections for spiking or bolting the rail to the ties. No
other fastenings are used either to hold the three portions
together or to splice the joints. One advantage claimed
for this rail is that by staggering the joints in the centre
or tread section with reference to those in the supporting
sections, no splices of any kind are required. Another ad-
vantage suggested is that the portion subject to wear com-

secfionSSi IL

Dimensions of the Compound Section.

prises only one-half the weight of the composite section

and can be renewed independently of the supporting por-
tions which are not subject to wear.

The rails in use on the "Soo" were installed in

November, 1914, and consist for each rail of a 20-ft. length
of head section in the centre with a lo-ft. length on either
end, supported on two 20-ft. lengths of base sections, thus
breaking the joints. A special compromise joint was pro-
vided for the connection to the standard rail on either end.
Owing to the small amount of this rail used it was not
rolled, but was planed out of solid material, a bloom serv-
ing as a blank for the head section, while an I-beam served
the same purpose for the base section. The track has.

been inspected frequently, but the length of service ha>
been too short to demonstrate the true merits of the new
section. Future developments will be watched with in-

terest. The rails were furnished by the American Safety
Steel Rail Company, Bismark, N.D.

German chemists have been trying to find a use for

"carbide-mud," or the residue from the union of calcium
carbide and water. The "Chemiken Zeitung," Berlin, now
states that when mixed with 40 per cent, of building sand
this residue makes a very usable mortar, which hardens well

and binds stones firmly together.
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THE ATTlTl'Di: Ol LHCiISLATURHS TO THE
GOOD ROADS MOVEMENT.*

By A. C. Emmett, Winnipeg.

THF attitude of llie Provincial Legislatures toward

the important question of road-building is becom-

ing more favorable as the economic value of good

roads in the development of our great Dominion

is better realized. The Province of Quebec is to be

especially congratulated on the wideawake policy that

has been adopted by the Provincial Government and

which is being so successfully carried out.

For many years the granting of aid from the Pro-

vincial treasuries towards the construction of good roads

was of the most meagre character, and it is only in recent

years that the various Provincial Governments have

pa.sscd Good Roads .Acts under which the various muni-

cipalities can obtain substantial grants toward the car-

rying out of a definite and well-defined plan of road

improvement in the country districts.

Under the present Good Roads .Act of the Province

of Manitoba the government gives a grant of fifty per

cent, of the total cost of construction of all roads of a

permanent character, including all bridges, culverts,

etc., necessary to place the highway in perfect condition.

For dirt roads the grant is one-third of the cost.

No provision is, however, made for after-maintenance,

and this, to me, would appear to be a weak spot in the

.Act, as, unless roads are properly maintained, the money
expended in their construction is, to all intents and pur-

poses, wasted, and there should be a provision in the

Act compelling municipalities to make some provision

for after-maintenance for a period of time equal to that

of the bonds which are issued in payment of the con-

struction work, such bonds being guaranteed by the

Government.
The present system of road construction throughout

the entire Dominion is not one that is conducive to the

best results being obtained, as the work is generally

carried out by the municipal councils, who, although in-

terested in the construction of good roads, have not the

expert knowledge necessary to see that the best results

are being obtained from the expenditure of the rate-

payers' money. In order to remedy this state of affairs.

It has struck me that the system of road-building would
be improved by the placing of all the main highways
throughout the Dominion under the charge of the Do-
minion Go\ernment, whose engineers should construct

the roads, take care of the maintenance, and the cost of

the work be borne from the consolidated revenues of the

Dominion.

The second class main roads should come under the

control of the Provincial Governments, w-ho would be

responsible for their construction and maintenance, and
the cost covered from the consolidated revenues of the

Province, or in a similar manner to that provided for

under Section 20 of the Road Laws of the Province of

Quebec, by which the Government may construct or re-

construct roads connecting central points of importance

and levj' the cost on a mileage basis on municipalities

benefited. This, it will be noted, provides the entering

wedge for a system of Provincial Roads.
The third class of road would come under the head-

ing of Municipal Roads, and would consist of the local

market roads and feeders forming the connecting links

between the main highways. The cost of such municipal

roads would come under the present system of construc-

tion and maintenance by local taxation.

The encouragement of Split Log Drag competitions

throughout the Province will also be found of the greatest

benefit to the g<Kxl roads movement. In the Province

of Manitoba a .Split Log Drag competition has been
carried on for several years past by the Manitoba Good
Roads Association, and has been so successful that the

government has decided to help along the movement
this year by a special grant towards the cost of the work.
Such a grant will probably take the form of a percentage
on the number of miles kept by each municipality under
the dragging competition, which will commence with

the spring break-up and last until freeze-up. By ex-

tending the competition in this manner it will ensure the

roads being left in good condition for the winter, which,

as everyone will agree, is a most desirable condition, as

the smoothness of a road when winter sets in guarantees
it being in good condition for shedding the surface water
when the spring break-up comes.

It may be said that it is almost impossible to get

work done on the roads when the farmers are bu.sy har-

vesting their crop or hauling grain to the elevators, but

this only makes a strong argument for the suggested
revision of our road system, as, if the farmer cannot be

depended on to do the work when it is most necessary

and of the greatest benefit to the agricultural com-
munities, then the work should be done by means that

will assure a continuance of work at all times.

I do not wish to offer any suggestions as to the best

way of bringing about such a radical change as I have
suggested, as there are many delegates to this conference

who are more fitted to deal with this question than I am,
and I simply desire to see this question discussed by the

congress with a view to the improvement of our present

road system, which, if only considered from the view-

point of military necessity, should receive the attention

of the Dominion .Government, as far as the main high-

ways are concerned.

In conclusion, I would thank the officers of the con-

vention for affording me the opportunity of placing these

suggestions before you, and trust that the congress will

meet with the success which such a laudable object

deserves.

*Paper read before the 3rd Canadian and International
Good Roads Congress, Montreal, March 6-10, igi6.

At a case argued before the North Carolina Supreme
Court it was established that a power company that owns land
on one side only of a stream is not entitled to build a dam to

the middle of the stream and divert one-half the water through
a flume for use in developing power, although the water
be returned to the channel before leaving the company's
land. In reaching this decision the court cites New York
and Maine cases as upholding the principle that each of op-

posite riparian owners has an indivisible right to the enjoy-

ment of the full flow of the stream.

The Nord Railway of France has suffered more through
the war than any other French railway. In September, 1914.

only 414 miles, or 18 per cent, of the total network of 2,324

miles, was actually being operated by the company, which
indicates the invaluable military services which the Nord
rendered during the earliest stages of the war. To-day the

company is operating a total length of about 1,200 miles, or

51.5 per cent, of the entire system. Of the 7<i8 stations on
the system. 346 are at present cither occupied by the enemy
or closed to traffic. Not all the remaining 412 stations are

open to the public, a certain number being exclusively re-

served for militarv purposes. The actual situation is that for

over a year the Nord has been deprived of the use of most
of its great arteries, and the only double-track main line now
available is that from Paris to Creil. .Amiens. Roulogne,

Calais and Tlazebrouck.
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THE USE OF AMMONIA IN THE CHLORINATION
OF WATER.

By Joseph Race, F.I.C.. City Bacteriologist, Ottawa.

IN
the course of some experiments on the effect of color,

turbidity, and temperature on the chlorination of

water, the writer thought it would be interesting to

determine the relative efficiencies of various hypo-

chlorites. Nothing worthy of mention was observed until

.-immoiiium hypochlorite was used ; this was prepared in

solution by the double decomposition of calcium hypo-

chlorite and ammonium oxalate, and great care was
exercised to prevent the addition of an excess of oxalate,

which, if present, would introduce a factor of unknown
value. It was anticipated that the reaction would proceed

somewhat along the lines represented by the following

equation :

Ca(OCl)= (NH,).C.04 CaC=04 2NH.OCI
Calcium + .\mmoniuni = Calcium + Ammonium
Hypochlorite Oxalate Oxalate Hypochlorite

The calcium oxalate was deposited by centrifuging at a

high speed and the supernatant liquid removed for experi-

mental work.

In testing the eftect of this solution on a culture of

B. Coli Communi or seeded into raw Ottawa River water,

the author was very surprised to find that the germicidal

value was verv much in excess of the hvpochlorite of

calcium, sodium and potassium. The velocity of the re-

action as calculated by the formula

log iV,

K = -^
/- - U

in which N, represents the number of organisms at t, and
iVi at ti, showed that with 0.3 parts per million of available

chlorine in each instance, the value of K for ammonium
hypochlorite was twenty to thirty times as great as that

of calcium hypochlorite. This experiment was confirmed

by others which gave similar results.

In searching for an explanation of this phenomenon
it occurred to the writer that it was probable that am-
monium hypochlorite was exceedingly unstable in dilute

solution and spontaneously decomposed into chloramine

and water as represented by the following equation :

NH,OCl XH.Cl H,0
.-Ammonium — Chloramine — Water
Hypochlorite

Chloramine has been shown by Rideal {Journal R.S.I.

,

1910, 31, 33-45) to have a much greater germicidal action

than an equivalent of chlorine. Rideal deducted this

fact from experiments on the chlorination of sewage
in which he found that "the first rapid consumption of

chlorine or hypochlorite was succeeded by a slow action

which continued for some hours, even days, and was at-

tended by a germicidal power after free chlorine or hypo-
chlorite had disappeared. " . . . "It became evident that

chlorine, in supplement to its oxidizing action, which had
been exhausted, was acting by substitution for hydrogen
in ammonia and organic compounds, yielding products

more or less germicidal." Rideal supported this by de-

termining the carbolic coefficients of hypochlorite, and of

hypochlorite with the addition of an equivalent of am-
monia. These gave values of 2.18 and 6.36 respectively.

Although Rideal seems to have made this experiment
merely for the purpose of explaining an observed pheno-
menon, it is curious that the possibilities of its practical

application to water and sewage disinfection seem to have

either been entirely overlooked or discarded on account

of economic considerations.

After noting the above-mentioned facts in connection

with ammonium hyp(x:hlorile, the writer followed up

Rideal's work and produced dilute solutions of chloramine

by the addition of ammonia to calcium hypochlorite solu-

tions. These had the same germicidal power as the chlor-

amine produced by double decomposition and were ap-

proximately three times as efficient as an equal quantity

of hypochlorite.

The next step was to determine the relative propor-

tions of hypochlorite and ammonia that would yield the

greatest efficiency. The results obtained, though not en-

tirely conclusive as to the most efficient ratio, showed that

an increase in the ammonia beyond an equivalent of the

chlorine (available chlorine : ammonia as NH, = 2:1 by

weight) did not produce results commensurate with the

increase of ammonia. Half an equivalent of ammonia,

or chlorine: ammonia = 4:1 gave inferior results but the

reduction in efficiency was very much smaller than the

reduction in the ammonia. The relative proportions of

chlorine and ammonia must also be considered from the

economic standpoint and when this process is carried out

on a large scale, these various considerations will demand

a rather fine adjustment.

A remarkable feature of the treatment of water with

a mixture of hypochlorite and ammonia is the almost en-

tire absence of absorption. On adding bleach to the

Ottawa River water so as to produce a mixture containing

10 parts per million of available chlorine, about 35 per

cent, is absorbed in 5 minutes at 60° F. and 60 per cent,

within one hour. If an equivalent of ammonia is first

added to the bleach, only 1.4 per cent, of the available

chlorine is absorbed in one hour and 3.2 per cent, in 20

hours. .\s there is practically no absorption of the germi-

cidal agent, the longer the contact period the better wdl

be the results obtained. For instantaneous sterilization

the relative efficiency ratio of 3:1 for the mixture of

chlorine and ammonia as compared with chlorine cannot

be obtained, but with the increase of contact period the

efficiency ratio also increases and after about 40 minutes

the ratio becomes greater than 3:1. The germicidal

action of the mixture continues to persist on account of

non-absorption and for a comparatively long time, and

as a consequence of this no aftergrowths are produced.

Cost.—Basing the calculations on a ratio of one

equivalent of ammonia to one equivalent of available

chlorine (0.5 part per million NHa to i.o p. p.m. available

chlorine) a very conservative estimate of the most efficient

ratio, this process becomes economical when the price of

hypochlorite exceeds $2.08 per 100 pounds.. This state-

ment is based on the mixture produced being three times

as efficient as hypochlorite: that 33 per cent, of available

chlorine can be obtained from bleach and that ammonia

can be purchased for 25 cents per pound. The efficiency

ratios of 3 : i can be obtained under the conditions of

chlorination usually found and no alteration in the point

of application will be required. Bleach containing more

than 33 per cent, of available chlorine can be obtained but

very few plants actually extract more than this amount as

there are certain losses which are unavoidable. The

present price of ammonia (aqua 16° B.) is quoted in the

United .States at 2 '4 to 2 '4 cents per pound. This solu-

tion contains 10.3 per cent, of NH, and the anhydrous

ammonia is therefore worth 22 to 25 cents per pound. In

Ottawa bleach can be obtained for $3.70 per 100 pounds,

and bv the adoption of the ammonia process the heavy

dosage of one part per million of available chlorine re-
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quired 10 treat the Ottawa River water (color 40 p.p.m.

platinum scale) can be reduced to 0.33 p.p.m. with a saving

of about $7 per day or $2,500 per annum if the laboratory

results can be duplicated under service conditions. In the

United States, where much higher prices prevail for bleach,

the ad\anlage to be gained by the substitution of the am-

i\ionia process is, of course, even greater.

Aesthetic Conditions.—For some years it has been

considered as at least probable that the fishy odor and

taste of heavily chlorinated water was caused, not by the

chlorine or hypochlorite, but by substituted nitrogenous

compounds. At first sight it would appear that by the

addition of the substituted nitrogenous compounds con-

tained in the ammonia mixture, this objection would be

accentuated and deprive the process of its practical value.

In practice no such result is obtained, and no trace of the

added mixture can be detected. As the total amount of

chlorine added to the water is only about one-third of the

usual dosage, the total amount of chlorine compounds,

nitrogenous and otherwise, is only one-third also, and com-

plaints regarding taste and odor should be reduced and not

increased by the adoption of the new process unless the

compounds produced are totally different in the two cases.

Since writing the above, the author has applied the

process to a small plant treating 200,000 Imperial gallons

per day and has met with unexpected difficulties. When
a 10 per cent, solution of bleach was made and strong

ammonia {0.880) added, a rapid loss of available chlorine

resulted. This was reduced considerably by diluting the

hypochlorite solution before adding the ammonia, but even

then the results were not satisfactory. Laboratory ex-

periments confirmed the loss produced by mixing com-

paratively concentrated solutions and also that the loss

could be obviated by immediate dilution with large volumes

of water. The arrangements in the experimental plant

are now being altered so that the ammonia and hypo-

chlorite will only mix for a few seconds before dilution

with the raw water in the intake pipe.

.Mthough various details have yet to be worked out,

these notes are published in the hope that others will take

up this work and endeavor to work out a process that will

give some relief from the present exorbitant price of

hypochlorite.

IMPROVEMENTS IN COAL-HANDLING PLANTS.

A COAL-HANDLING plant recently installed at

Southend-on-Sea for the Corporation Electric

Works, presents some interesting engineering

features. It was built by Ed. Bennis & Co., of

Little Hulton, Bolton, who were successful in the com-
petition which was held prior to awarding the contract.

The arrangement consists of a series of overhead

storage bunkers with a capacity of 500 tons. A bucket

elevator raises the coal from a dumping hopper and it is

distributed to the bunkers by a conveyer. The dumping
hopper is equipped with a Bennis rotary safety feeder,

which keeps a steady supply of coal filling the buckets.

The elevator is 70 ft. long and will raise 20 tons of ooal

per hour. It is practically dust-proof. The elevator de-

livers coal through a chute to a Bennis steel chain con-

veyer. This consists of a series of mild steel bars pressed

into the form of a "U". The chain moves along a

rectangular trough and carries the coal with it.

The bunkers are built up of mild steel plates and

sections riveted together to form a scries of rectangular

bins with hopper bottoms. /\ number of openings are

placed in the bottom of each bin and are [jrovided with

outlet chutes and radial cul-ofl valves. The cut-off valves

are operated by chains from tlie firing tloor. A swing

chute is suspended beneath each outlet for guiding coal

from the bunkers to the stoker hoppers. The chutes are

made to swing back out of the way when boiler tubes are

being cleaned or renewed.

The bunkers have a total length of 106 ft. Their

vertical sides are 11 ft. deep, and their top is about 39 ft.

above the firing floor level. They are carried on twelve

stanchions formed out of rolled steel joists, 27 ft. long,

resting on concrete pillars built level with the firing floor.

A superstructure is built on top of the bunkers to carry

the conveyer, which works in a chamber carried the full

length of the bunkers. The sides and roof of the chamber
are formed with corrugated sheet in which continuous

windows are set in each side. .Access is obtained to the

conveyer chamber by a ladder on the elevator frame. The
extreme height from the bottom of the stanchions to the

top of the superstructure is about 56 ft.

.^Xnother case which required a different arrangement

of the conveying plant was at Wigan. Here the coal is

unloaded from barges at a point about 80 ft. away from

the boiler house and in the interests of economy it became
necessary to provide some effective mechanical means for

conveying the coal from the canal to the boiler house. The
scheme put into operation is to load the coal by hand from

the barges into skips, which are hooked on to a travelling

electric transporter running along an overhead track;

extending between the boiler house and the canal. The
transporter raises the loaded skips and carries them along

the overhead track, after which they are emptied into a

receiving hopper placed above an automatic weighing

machine. The weight of the coal is automatically re-

corded, and it passes on into a second hopper with two
outlets. These outlets feed two chain conveyers, similar

to the one in use at Southend-on-Sea, which discharge

into two overhead coal bunkers placed about 100 ft. apart.

At this plant the bunkers are 7 ft. 6 in. wide by 7 ft.

9 in. high bv 80 ft. long. They are constructed with a

framework formed of rolled steel sections with the space

between filled in with panels of brickwork and concrete,

the whole being braced together to form a rigid structure.

Small hoppers are built in the bunker floor, above each

chain-grate stoker, and the coal passes by gravity from
the bunkers to the stokers through a series of chutes,

arranged similarly to those at Southend-on-Sea, so as to

swing back and allow access to the boiler tubes. The
bunkers are supported on rolled steel joists, built into

the boiler house wall, at one end, and supported on
stanchions at the other end.

The Orillia Molybdenum Company, Orillia. Ontario, has
made its first shipment of two tons of concentrates of

molybdenum to the British War Office. This is the first time
that such ore has been treated in Canada. The company has
received instructions from the War Oftioe to make weekly
shipments.

At no time in the history of the pulp and paper industry

in Canada was business better than it is at the present time,

according- to "Pulp and Paper Magazine." It may be true

that a few years ago there was a boom and a number of new
companies were formed, but their inception was larn'oh- the

work of promoters and speculators rather than a result of the

natural expansion of the industry. To-day, however, busi-

ness is improving as a result of increased demands. There

are nearly a dozen Canadian mills making additions to their

plants, increasing their output or preparing to build new
mills. .A number of other companies arc being formed for

the purpose of building plants in Northern Ontario and

Northern Quebec.
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THE HOT-MIX METHOD OF BITUMINOUS CON-
STRUCTION, USING AN ASPHALTIC BINDER.*

By Francis P. Smith. Ph.B., M.A.S.C.E., M.A.I.C.E.

FROM among the wide variety of bituminous pave-

ments known at the present time it is ahnost

always possible to select one type which will satis-

factorily answer any given set of climatic and

traffic conditions. Bituminous pavements, therefore,

come nearer to being the universal and ideal type of

pavement than any other which has yet been devised

bv man.

Bituminous pavements, especially those with fine

mineral aggregates, are smooth, non-productive of dust,

almost noiseless, waterproof, non-absorbent and easy to

clean. They are capable of sustaining very heavy traffic,

and also last well under light traffic. They are, therefore,

well adapted for business and residence streets, and the

facility with which they may be kept clean makes them
especially desirable in tenement districts. They are easy

to repair and offer but slight resistance to traffic. They
are somewhat softer in summer than in winter, but when
properly laid never become too soft for use, even in the

hottest weather. When dry and clean they are not slip-

pery, and their slipperiness in moist or drizzly weather
is largely due to the presence of a thin film of mud
caused by the collection of street detritus, and this can
be greatly reduced by washing or keeping them clean.

For this reason they are less slippery in a heavy rain

than in a drizzle. Horses accustomed to granite block

pavements instinctively put their hoofs down and slide

them until they obtain a foothold in the crevices of the

pavement, .^s there are no such crevices in a bituminous
pavement, it takes a little time for them to become accus-

tomed to it, but they soon learn to adapt themselves to

a smooth surface. '

While sheet asphalt will sustain a very heavy traffic,

this statement applies more especially to a traffic largely

compjosed of quick-moving, light-to-medium loaded
vehicles, such, for instance, as prevails on Fifth Avenue,
Xew York. It is not the most suitable type of pavement
for a very dense, slow-moving, heavily-loaded traffic.

\\'ood block and granite block will outlast it under these

conditions. It will not give satisfaction where there is

practically a total absence of traffic, as it then is liable

to develop cracks, apparently requiring the kneading
action of traffic to equalize the stresses set up by con-
traction and expansion and to keep it in proper con-
dition. It is entirely suitable, however, for traffic varying
from the light delivery traffic of residence streets to the

dense but quick-moving traffic of Fifth Avenue, New
York, or the Thames Embankment, London.

On account of their smoothness, sheet asphalt pave-
ments are not suitable for use on excessive grades. Gen-
erally speaking, streets carrying a fair amount of traffic

can be paved with asphalt if the grade does not exceed
6 per cent. In some cases, where the traffic was very
light and a smooth pavement was considered essential,

it has been laid on grades running up to 10 per cent,

and 12 per cent., but this is rather exceptional. Where
the traffic is heavy, a 3 per cent, to 4 per cent, grade is

usually considered as the limit. In most of the largest

cities of the United States the maximum grades on which
this type of pavement is laid vary from 41^ per cent.

*Read before the 3rd Canadian and International Good
Roads Congress at Montreal, March 6-10.

to 8 per cent., regulated largely by the tralfic and climatic

conditions.

Depending upon the size of the mineral aggregate
used, they may be considered as bituminous mortars or

bituminous concretes, differing from ordinary mortars
and concretes in having a cementing material which is

plastic, and which may be classed as a semi-fluid or semi-

solid. For this reason greater care must be taken in

the selection of the mineral aggregate and its grading
than if a rigid cementing material were employed.

The pavements produced by these mixtures are to

a certain extent malleable and yielding, thus minimizing

the wear of the mineral particles and making them more
acceptable to horse-drawn traffic. In summer these

qualities are more noticeable than in winter, for at very

low temperatures the asphaltic binder becomes practi-

cally rigid. This very quality of flexibility or plasticity

makes it necessary to provide a stable foundation. If

the foundation is unstable and sinks after the pavement
has been put down, the pavement will gradually sink

with the foundation, thus forming a depression in which
water will collect and eventually destroy it. The wheels

of vehicles passing over such depressions will drop into

them, the force of the blow depending upon the weight

of the load, and this will still further exaggerate the

depression by forcing up a portion of the pavement im-

mediately in front of it. It will also set up a vibration

in the springs of the vehicle, which will cause successive

blows to be dealt to the pavement until the spring vibra-

tion returns to the normal. This action, especially in

commercial vehicles, where the springs are short and
stiff^, results, sooner or later, in wave formation, which

is unpleasant to ride over, and which, when it once sets

in to any considerable extent, rapidly increases until it

becomes necessary to re-surface the street or road.

Hot-mixed bituminous pavements differ from each

other chiefly in the size and kind of the mineral aggre-

gate, the bituminous cement or binder being substantially

the same in each case. Sheet asphalt pavements have

a mineral aggregate which contains no particles which

would be retained on a one-quarter-inch sieve. Topeka
mixture pavements consist of a standard sheet asphalt

mixture to which has been added from 15 to 25 per cent,

of stone passing a one-quarter-inch screen and retained

on a ten-mesh screen and 10 per cent, or less of stone

passing a half-inch screen and retained on a one-quarter-

inch screen. It is really a type of bituminous concrete

pavement, although in certain sections this term is only

applied to pavements having a mineral aggregate con-

sisting wholly or largely of stone of varying sizes, from

I '2 inches down. The coarser the aggregate used, the

rougher will be the surface of the finished pavement.

On grades, therefore, where the traffic is not excessively

heavy, coarse aggregates are to be preferred. Generally

speaking, the heavier the traffic the finer should be the

mineral aggregate used, owing to the fact that the coarse

particles are more liable to fracture than the smaller

particles. Where fracture takes place to any consider-

able extent rapid deterioration of the pavement will

ensue, as the bituininous cement ordinarily used is not

sufficiently fluid at atmospheric temperatures to re-bond

and re-coat the fractured particles.

This brief consideration of some of the characteristics

of bituminous pavements is necessary in order to intelli-

gentlv discuss the question of proper foundation and

the selection of the mineral aggregate to be used.

The character of the foundation required will depend

upon the traffic, climate, character of subsoil and drain-
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age conditions. Tiic heavier ilic tralVic, the stronger
must I ho foundation be. In cold climates, where the
ground freezes to considerable depth in winter, the
spring thaws produce a very unstable condition of the
subsoil, and in such cases the foundation must he
stronger tiian is required in climates where there is little

or no frost. .\ well-drained sandy soil is much less

affected by these temperature ch.mgcs than is a heavy,
clayey soil.

A number of different types ol louiulMiions have been
successfully employed, such as old macadam; broken
stone, rolled dry or cemented together with some form
of bituminous cement ; old cobljlcstone, Belgian block or
granite sett pavements; old brick or asphalt block pave-
ments; bituminous concrete; natural cement and Port-
land cement concrete. Where the traffic is light, as on
country roads which are not main arteries from or be-
tween large cities, and in some residential streets, old
macadam roads have proved to he suitable foundations
lor bituminous surface mixtures.

In .some cases, notably the Thames Embankment in

London, a foundation of this kind, covered with an
asphalt pavement, has successfully carried very heavy
traflic, but the layer of stone has been built up during
many years and is very thick. Under severe conditions
the use of macadam as a foundation is to be depre-
cated, and more failures than successes have resulted
from it.

^[any roads are classified as macadam which contain
no base course of large stone, and are in reality old dirt
roads, which have never been properly drained and on
which fine stone has been dumped and consolidated by
traffic.. Before using any macadam road as a foundation.
Its history, and more particularly its condition in the
spring of the year, should be investigated. A sufficient
number of test-holes should be put down to determine
the character and depth of the stone and provision made
for proper under and side-drainage. It will usually be
necessary to rebuild the road in a number of places,' and
in most instances the crown must be reduced. Wherever
possible this should be done by filling up the depression
and building up the shoulders. Traffic will compact a
road far better than will a roller, and a road surface
which has been scarified and rolled will not be as hard
and firm as one which has been compacted by years of
traffic. Where depressions are to be filled the roadbed
should be cleaned and slightly loosened to ensure proper
binding of the new stone, which should be of the same
size as would be employed in building up the corre-
sponding portion of a new macadam road. It should be
thoroughly wetted and rolled with a lo-ton road roller,
with the addition of sufficient screenings, until vehicles
passing over it do not cause displacement.

Unless this work is thoroughly and conscientiouslv
done the foundation will not be of uniform strength
throughout and settlements will occur where the new
stone was put. If it is necessary to scarify the road sur-
face, this .should be done to the minimum possible depth,
after which the surface should be built up exactly as if

constructing a new macadam road and rolled until the
utmost compaction is obtained. Wherever possible
traffic should then be turned upon the road for a few
months to develop any weak spots in it and to secure
still better compaction.

Old pavements of brick, granite, etc., .should not
be used as a base if it is first necessary to re-set them.
In their original condition they are satisfactory if the
traffic is not too heavy. Relaid blocks, until bedded by

trallic, are not rigid and have a tendency to rock, and
asphalt pavements laid on such foundations in N'ew York
City have rapidly disintegrated whcre\er they were ex-
posed to heavy trallic.

Concrete foundations vary according to conditions
from 4 to 9 inches in depth, and in every case before
laying them the subsoil should be thoroughly compacted.
In certain localities in the north-western portion of the
I'nited Stales and Canada very heavy clay soils are
found which in winter frequently develop cracks 4 to 5
inches in width and heave very badly. In such cases
cross-trenches should be dug every 25 or 30 feet and
filled with coarse broken stone and connected with longi-

tudinal trenches at the side of the street similarly filled

and draining to catch-basins. Concrete should not be
laid directly on such a soil. Sand or gravel should first

be spread ujion it to such a depth that when rolled it

will form a layer 3 to 4 inches in thickness, and the con-

crete should be placeil on this.

The mineral aggregate constitutes from 75 to go per

cent, of the pavement and takes practically all the wear
resulting from traffic. It must, therefore, be selected with

great care. It must be hard enough to carry the traffic

;

it must have clean grains or particles, and these grains

or particles must be graded from coarse to fine, so as

to make a pavement of the maximum density with the

smallest-sized voids obtainable and with sufficient in-

herent stability to resist displacement under the shoving

action of traffic. The surfaces of the grains or particles

must be of such a character that the bituminous cement
will adhere satisfactorily to them. Sand, gravel, broken

stone or slag, or combinations of them, are the materials

used in the type of pavements under discussion.

Sand should be clean-grained, hard and moderately

sharp. The grains should be chiefly quartz, and should

have rough, pitted surfaces. Where necessary the proper

grading of the different-sized grains must be obtained

by mixing several sands, or in certain cases by the

addition of unweathered crusher screenings, ^^'hen using

the ordinary type of bituminous mixing plants the pre-

sence of clay is undesirable, either as a coating to the

grains or disseminated throughout the mass. For medium
or heavy trafific pavements all particles retained on a

lo-mesh screen should be discarded. For light traffic

3 to 3 per cent, of 8-mesh particles can be incorporated

in the pavement with advantage, or broken stone of the

sizes and in the amounts described under "Topeka Mix-
ture." Sands containing a large amount of flinty grains

should be avoided.

Gravel should be clean-grained, hard and free from

adhering clayey particles. It is lacking in stability owing
to its roundness, and is usually considerably improved
by passing it through a crusher. Gravel with a rough,

pitted surface is to be preferred and gravel containing

a large percentage of flinty particles is to be avoided.

It is unsuitable for the construction of pavements carry-

ing heavy traffic and inferior in all respects to crushed

stone.

Broken stone should be freshly crushed, preferably

in cubical-shaped particles. The size and hardness re-

quired depend upon the traffic which the pavement is to

carry. Dense, hard limestone will carry medium and
light traffic satisfactorily. \\'here the traffic, even though
comparatively light in volume, is composed of heavy,
iron-tired units, a dense, hard trap is required. Trap is

now commonly used in the manufacture of asphalt block,

although in the past a large number of asphalt blocks
made from limestone gave excellent service under liffht
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traffic. Granite is not usually satisfactory as it is too

coarse and uneven in texture, and much of it is friable

and it is liable to shatter in crushing. Mesh composition

or grading of the various-sized particles is just as im-

portant as with sand. It is not suitable for use in pave-

ments carrying very heavy traffic.

Slag.—Hard, dense, basic slag is to be prilerred.

It should be stable when exposed to the weather and not

show any tendency to slack or disintegrate. It is only

suitable for light traffic, and should preferably be coated

with a very fluid bitumen.

The filler should be finely-ground limestone or Port-

land cement, the latter being preferable for mixtures

designed to carry extremely heavy traffic. For light

traffic the speaker prefers the limestone dust as it does

not have such a marked drying effect. Whichever is

used, it should be ground so that at least 65 per cent,

of it will pass a 200-mesh sieve. Pulverized clay also

makes an excellent filler, but is difficult to handle owing
to its tendency to ball .ind cake if it becomes the least

bit damp.
The bituminous binder, or asphalt cement, as it is

termed in the sheet asphalt industry, must possess such

properties that it will firmly bind together the mineral

particles and resist the disintegrating action of traffic

and the elements. The necessary tests for determining

whether or not it is possessed of these properties are

fairly well standardized and are embodied in most stan-

dard specifications. The time allotted to the speaker will

not permit of a detailed discussion of them.

The plant used in the manufacture of the paving
mixture is a very important element in the success of

the pavement. A uniformly good mixture cannot be
turned out by an imperfect plant. The standard type

of plant first developed in the sheet asphalt industry has
for a long time been recognized as the best for the pur-

pose. In it the sand or stone, or both, are heated in

revolving driers and fed by means of elevators into a

storage bin. The bituminous cement is heated in properly

designed melting kettles.

Measured or weighed (preferably the latter) amounts
of the various ingredients are then mixed together in a

twin-shaft mixer of the pugmill type. This mixer should

have a speed of from 65 to 85 revolutions per minute,

and for ordinary work each batch should receive a full

minute's mixing. Where the service conditions are very
severe it may be necessary to increase the time allowed
for mixing, and also raise the temperature at which the

mixing is done in order to ensure a thorough coating
of the surface of all particles with a firmly adherent film

of bituminous cement. Great care must always be taken
not to overheat either the mineral aggregate or the bitu-

minous cement, as this will injure and harden the latter.

Too low a heat will result in imperfect coating of the

mineral particles. Certain asphalts are fluid at much
lower temperatures than others, and certain asphalts are

very readily injured by overheating while others are not.

In the type of plant which we have been considering clay

or clayey particles are objectionable, owing to the fact

that they either become partly baked on the grains of

sand or pieces of stone, or form into lumps which do not

detach themselves or break up under the action of the
mixer blades. This prevents the bitumen from adhering
to the grains, or else results in coating the outside only
of the clay balls. Under traffic these balls break up and
the bitumen becornes detached from the coated grains,

tending toward more or less rapid deterioration of the

pavement.

In certain types of plants the grains after heating
are subjected to pulverization, which breaks up any clay
balls which may have been formed, and which cleans
the sand grains or small stone particles. With this type
of plant practically any desired amount of fine material
may be produced from the mineral aggregate and clay,

owing to its great absorbent power and affinity for bitu-

men, is a distinct advantage.
Plants of the concrete mixer type, in which the

heating and mixing arc done in one revolving chamber,
are not to be recommended. .As usually arranged, they
are inefficient driers and very inefficient mixers, and are
liable to burn the bituminous cement if the flame is per-
mitted to come in contact with it. The only way to avoid
this source of danger is to heat the bitumen and the
mineral aggregate separately and not to heat them in any
way during the mixing process.

The construction of the bituminous portion of the
pavement is not the same for all types. Where coarse
aggregates are used, from two to three inches of the
surface inixture are usually laid directly on the founda-
tion. It is very difficult to completely close up such
mixture by rolling. It is usually, therefore, given a
squeegee coat of hot bituminous cement, after which
stone chips are spread over the surface and rolled in, the
excess being left to be ground away by trafiic.

Topeka mixture pavements are laid from 2 to 3
inches thick, and are frequently placed directly on the
foundation. Much better results are obtained "by using
a binder course i^ inches thick next to the foundation,
with a I yi to 2-inch wearing surface. This greatly re-

duces the tendency of the finished pavement to shove.
With a well-graded mixture a squeegee coat is unneces-
sary, although it is frequently employed.

The bitumen contents of coarse aggregate mixtures
must be very closely watched and kept within much closer
limits than are necessary with sheet asphalt mixtures.
One-half per cent, above or below normal is about the
permissible variation. Too little bitumen will make a
pavement which is too open and p>orous and too much
bitumen will render the pavement very liable to shoving.

The standard sheet asphalt construction of the pre-
sent day is i Jj inches of binder and iji inches of wearing
surface. The binder should be of the "close" type; i.e.,

should contain approximately 25 per cent, of material
passing an 8-mesh sieve.

A close binder, properly made and laid, will be
superior in many respects to the mixtures which have
been laid on a large number of country highw.ays, and
will carry a fair amount of traffic for a considerable time
without suffering any serious damage. Poor binder will

break up very easily—sometimes it can be kicked up

—

and the hauling of the hot surface mixture over it will

damage it very seriously. Surface mixture laid on a

binder of this kind which has been badly broken up
might almost as well be laid on loose broken stone, and
will not give satisfactory service under heavy traffic.

The binder should, of course, be thoroughly compressed
with a steam roller before laying the wearing surface
(in it. Lack of compression will produce an unsatisfac-

tory foundation for the wearing surface, and binder which
is too cold, or made with too hard an asphalt cement or

an insufficient quantity of asphalt cement, cannot be pro-

perly compressed into a dense, tough mass. In hauling

the binder to the street over long distances or in very
cold weather, it may become chilled below the danger
point. During the hauling process a certain amount of

surplus asphalt cement usually drains off of the stone
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and accumulates on the bottom of the cart or wagon.

II these excessively rich portions be laid on the street,

what arc called rich or fat spots in the binder course

will be produced. .A.s the name implies, these are places

carrying an excess of asphalt cement. If these are per-

mitted to remain, tlie surplus asphalt cement will be

absorbed by the hot surface mixture when it is placed

over them. This will mak-e a soft spot in the finished

pa\emcnt, which will be displaced by tratlic, and eventu-

allv produce a hole or depression in the pavement. They

should, therefore, be cut out and replaced with normal

binder.

Before laying the surface mixture on the finished

binder course the latter should be dry and swept clean

of dirt ; otherwise the layer of wearing surface will not

adhere properly to it. Binder should be covered with

surface mixture as soon as practicable after laying it.

In many large cities it is required that all binder laid

should be covered the same day with surface mixture.

When delivered upon the street the surface mixture

should be of such a temperature that it can be properly

compressed, and should be evenly spread by means of

hot iron rakes. In many cases the loads of hot surface

mixture are dumped directly upon the spot over which

they are to be spread. This is bad practice, as the men

trample upon it while shovelling and raking it, and the

rakes do not thoroughly loosen up this trampled material

when passing over and through it. .Although the mixture

is raked to a uniform surface and apparently even thick-

ness before it is rolled, those portions which have been

trampled on before and during raking are really covered

with a greater quantity of surface mixture than those

portions which have not been trampled on, and which

are covered wholly with what might be termed loose or

fluffv mixture. When the roller has completed its work

there will, therefore, be a slight unevenness in the

finished surface. Under light traffic this would make no

appreciable difference, but under very heavy traffic the

slight pounding action resulting from this condition

would be detrimental and lead to uneven wear of the

pavement. Proper and thorough compression of the

finished mixture is very essential, as this produces a

pavement which in its earliest stages is fit to sustain the

heaviest traflfic. It is always questionable whether por-

tions which are very lacking in compression will be

ground out or eventually consolidated. Under unfavor-

able conditions the chances are strongly in favor of their

being ground out. In those portions of the pavement

which are inaccessible to the roller compression is effected

bv the use of hot smoothers or tampers, or both. If pro-

perly handled, the desired results will be obtained, but

if used too hot they will burn the pavement and cause

it to scale or grind out. Hot smoothers particularly are

dangerous tools to put in the hands of incompetent or

careless workmen.

Extreme care should be taken to ensure a proper

union between the surface laid on successive days. The

first loads laid in the morning at the termination of the

previous day's work should be a little hotter than normal

so that the hot mixture may soften the cold edge of the

pavement and bond perfectly to it. The joint should be

bevelled and freshly cut away unless the rope joint or a

similar tiiethod is employed.

The practice of painting the edge of the joint with

hot asphalt cement is not to be recommended as, unless

extreme care is exercised, too much asphalt cement will

be used and that portion of the pavement will be too rich

in bitumen, and consequently softer tli:in the rest, which

will result in uneven wear, and possibly shoving. Great
care should be taken not to leave any hump or depression

where the joint is made.
The followifig arc typical analyses of the various

types of pavements which have been discussed in this

paper :

—

Sheet Asphalt
Heavy Light Topet(a Bituminous
Traffic Traffic Mixture Concrete

Bitumen ii.o'?,'', 10.5% 8.5% 7.0%
Passing 2oo-mesh .... 14.0% 10.5% 8.5% 5-°%

" loo-mesh 14.0*!;', 10.0% 6.0% 4.0%
80-me.sh 13.0% 10.0% 6.0% 2.0%
50-me&h 19.0% 14.0% 6.0% 5.0%.

" 40-mesh 11.0% 14.0% 10.0% 4.0%
30-mesh 10.0% 13.0% 10.0% 4.0%
20-mc.sh 5.0% 10.0% 9.0% 3.0%
lo-mesh '!,.o% 8.&]{, 6.0% 5.0%
8-mesh ; 6.0% 3.0%
4-mesh 14.0% 7.0%

" 2-mesh ... 10.0% 20.0%
34; -inch 14.0%

ij^-inch ... 12.0%

ij^-inch 5-o%

100.0% 100.0% 100.0% 100.0%

COBALT ORE SHIPMENTS.

The following' are the shipments of ore, in pounds, from
Cobalt Station for the week ended February 25th, 1916:

—

Dominion Reduction Company, 88,000; McKinley-
Darragh-Savagre Mines, 86,762. Total, 174,762 pounds, or 87
tons.

The total shipments since January ist, IQ16, are now
4,253,414 pounds, or 2,126.7 tons.

RAILROAD EARNINGS.

The following are the weekly railroad earnings for

February :

—

Canadian Pacific Railway.

1916. 1915.

Feb. 7 $1,876,000 $1,440,000 +$436,000
Feb. 14 1,912,000 1,634,000 + 278,000

Feb. 21 2,093,000 1,6:4,000 + 479,000
Feb. 29 2,665,000 1,815,000 + 850,000

Month's increase = 31.4% or +2,043,000

Grand Trunk Railway.

Feb. 7 $ 937,937 $ 786,158 + $i5i,779

Feb. 14 957,195 817,255 + 139,940
Feb. 21 963,484 823,436 + 140,048

Feb. 29 1,174,099 899,187 + 275,912

Month's increase = 21.3% or +
Canadian Northern Railway.

Feb. 7 .? 4^0.400 $ 357,100 +$72,300
Feb. 14 453,100 380,500 + 72,600

Feb. 2r 559,000 418,200 + 140,800

Feb. 29 647,700 446,400 + 201,300

Month's increase = 30.3% or + 4'7,ooo

The Canadian Pacific Railway January returns compared
with returns of a year ago arc as below :

—

1916. 1915.

Gross $8,588,826 $6,109,026 +$2,479,799
Expenditure 6,498,417 4,968,793 + 1,529,624

Net $2,090,408 $ 1,140,233 +$ 950,174

For the seven months ended January 31st. the compari-

sons are :

—

1916. 1915.

Gross $75,058,989 $62,047,152 +$13,011,837
Expenditure 43,344,394 41,233,342 + 2,111,05^

Net $31,714,595 $20,813,809 +$10,900,785
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THIRD CANADIAN AND INTERNATIONAL GOOD ROADS
CONGRESS AND EXHIBITION
DELEGATES FROM ALL PARTS OF CANADA AND UN LIED
STATES MEET IN MONTREAL MARCH 6 TO 10.

THE most successful congress of the Good Roads
men, under the auspices of the Dominion Good
Roads Association and the Canadian Automobile

Federation, was held last week in Montreal. The
convention opened on Mondaj', March 6th, and con-

cluded on Friday, the loth.

Equalled in importance by few other annual con-

ventions, inasmuch as the deliberations which will result,

and the practical suggestions which must come as a

matter of course, entail the advancement, the improve-

ment and perfecting of one of the country's great assets

—good roads—which must be carried along to that stan-

dard towards which other endeavors are being aimed if

the promised all-round prosperity is to come to Canada.

The chairman of the convention was the president

of the congress, B. Michaud, Deputy Minister of Roads
for Quebec Province. The list of prominent men in the

provincial life of Canada who attended the opening were

many, there being present the Lieutenant-Governor, Hon.
P. E. Leblanc ; Hon. J. A. Tessier, Minister of Roads;
Hon. J. E. Caron, Minister of .Agriculture ; U. H. Dan-
durand, honorary president of the Dominion Good Roads
Association ; Hon. Jeremie Decarie, Provincial Secre-

tary ; Monsignor Roy, representing .Archbishop Bruchesi
;

Bishop Farthing, Controller Thomas Cote and L A.

Sanderson, representing the Ontario Good Roads Asso-

ciation.

The delegates came, from all parts of the country

and many were present from the large centres of the

United States, where the good roads problem is con-

sidered a vital one. President B. Michaud, Deputy Min-

ister of Roads for Quebec province, formally welcomed
the delegates, and remarked on the honor it was for the

convention to be opened by the Lieutenant-Governor,

Hon. P. E. Leblanc. Mr. Michaud laid stress on the

importance of the many scientific addresses to be heard

and discussed. He said he was exceedingly glad to wel-

come delegates from sister provinces and from the L'nited

States.

His Honor the Lieutenant-Governor said the good
roads question was one of vital importance. They pro-

vided the means of communication, placed citizens of the

various municipalities in the position of relationship

which was the basis of the progress and the welfare of

the country. He paid tribute to the Roman road-makers

and the builders of good highways in the time of Napo-
leon, remarking that these roads were still the objects

of admiration in Great Britain and in France. The Lieu-

tenant-Governor said that the Province of Quebec was
now delving energetically into the good road work and
wished for the co-operation of everyone interested in the

advancement of these great national assets.

U. H. Dandurand, honorary president of the Do-
minion Good Roads .Association, remarked on the in-

crease year by year which he had noticed at conventions.

He said such a widespread interest in the good roads
movement was bound to be productive of great results,

and must surely bring the ardent advocate of a well-

built highway nearer his aspirations. He said results

could even be seen to-day throughout the province,
where improvement in roads is already growing apace.
Many other speakers took part in the opening cere-
monies, the theme of all their statements being the
benefits accruing from good roads.

The annual banquet was held at the Place Viger
Hotel, nearly two hundred citizens and visitors sitting
down to a sumptuous repast. The toast to his Majesty
the King was fittingly honored. The toasts to the
"Guests" and the "Press" were responsible for several
neat speeches.

.A.lderman Leslie Boyd, K.C., dealt on the aim 01 the
Provincial Government to make the roads in the home
province second to none in the Dominion, but he urged
that the money of the public spent on this road devefop-
ment be expended wisely. Turning to Montreal, the
speaker said the lines of communication with other muni-
cipalities must be impro\ ed ; there must come better
facilities for entering the city. He pointed out the ex-
treme importance of the improvement of the roads of
the province so that some of the beauties of our interior
could be reached by the wealth of tourists who every year
streamed in across the border. He extended the best
wishes of the city of Montreal to the roads congress.

Mr. B. Michaud paid tribute to the business men
of the province, who are lending every assistance to the
good roads campaign, while Mr. Tessier gave some in-

teresting information as to the progress in road work
which the Provincial Government had made in tlie past
two years. He predicted e\en more and better roads
this year.

Hon. Jeremie Decarie laid stress on the importance
of the road—one of the national means of communication.
"When we are building up the roads," said Mr. Decarie,
"we are building up the country." He then went on to
a scathing denunciation of the contractor on road work
who would aim for personal profit before a good product,
saying that the conscience of the contractor must be
equal to the task he had to do.

G. W. Levesque, M.L..A. for Laval county, pro-
posed the health of the "Press," making a neat and
eloquent speech, which was responded to by one of the

representatives of the press present.

The convention got down to real business on Tues-
day morning, when the technical papers and discussions
took up the delegates' attention. .At this session, pre-

sided over by B. Michaud, Deputy Minister of Roads
for Quebec, the chief feature was one not on the pro-
gramme, it being an address by Thomas Adams, the
English town-planning expert, on "Town Planning and
Good Roads in Rural Municipalities." .After declaring
that the farmer's interests should be dominant in the

rural regions, he met the objection that town-planning
had no connection with the farmer by pointing out that

in its larger sense town-planning meant the regulating

of the use and development of land in tlie light of future

needs. Neglect of this precaution meant waste and loss

on capital, and this meant loss for the farmer, who in

the end suffered as much from bad government in nearby
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cities as the city dweller himself. Referring to the fact

ilial city roads, particularly in the suburbs, were often

worse than those through the country, Mr. Adams
pointed out the need for closer co-operation between the

road-makers of the city and the country. As a means

to this, he made two suggestions, one being that the pro-

vince give municipalities the power to adopt town-

planning schemes fitting in with the government's skeleton

plan for through highways and radiating rural roads, and

the other being the creation of a pro\ incial department

of municipal affairs to co-operate with the department

of roads.

W. Huber, engineer of the Ontario Highways De-

partment, emphasized the importance of maintenance in

macadam roads. "Any scheme of macadam road is

highly incomplete," he said, "wliich does not provide for

constant maintenance." Owing to the heavy motor

traffic in the present day, he said, stone screenings, as

a binder for wearing surfaces, had reached the end of

their usefulness.

Francis P. -Smith, consulting engineer, of New York,

read his paper, "The Hot-Mix Method of Bituminous

Construction, Using an .Vsphaltic Binder," which is

published in another part of this journal.

The paper on "Road Maintenance, Materials and

Methods," bv Mr. W. H. Council, chief of the Bureau

of Highways, Philadelphia, emphasized the same point

made by Mr. Huber in the morning, as to the importance

of maintenance. A good organization was essential to

proper maintenance, he said, but this organization shoiild

be a part of the construction organization, as otherwise

there would be overlapping and shifting of responsibility,

while the intimate knowledge of minute details of each

separate piece of construction possessed by the builders

would help them immensely in securing proper mainten-

ance. In many sections, w-here the good roads out-number

the bad, maintenance work and cost take a predominant

place over construction, and this condition will increase

as the good roads movement spreads and achieves its

results. Mr. Connell pointed out that in one regard main-

tenance work was more difficult and intricate than con-

struction, for the builder has standard specifications and

the experience of others to guide him, and cannot easily

go wrong, but each problem of maintenance and repair

brings its own individual difficulties to be solved by those

in charge. .After speaking of the vital importance of close

personal observation of the effect of traffic, climate and

other conditions upon pavements as an aid to their main-

tenance, Mr. Connell treated specifically of methods under

the three heads of routine, general and emergency main-

tenance.

J. W. Levesque, M.L..\., spoke in French on pro-

vincial aid for roads, as they have it in Quebec province,

and E. Fafard, superintendent of the plants branch of

the Highways Department of Quebec, in the French Ian-

gauge, pointed out how to handle and take care of road

machinery.

The concluding paper of the day was an especially

valuable contribution to the available data on road main-

tenance. Its title was "The Cost of Maintaining New
York State's Highways," the author beine F. \V.

.Sarr, Deputy State Highway Commissioner. .After point-

ing out that the State had paid in 1915 the sum of

$4,210,575 under the head of maintenance and repairs,

Mr. Sarr gave the following statistics of the average ex-

penditure for maintcn;mce, repair and reconstruction per

mile per year for each of seven types of road: 193 miles

of gravel roads cost S955 per mile: 2,298 miles of water-

boimd macadam roads cost $1,055 P"^"" '"i'e ; 2,387 miles

of bituminous macadam, penetration method roads, cost

$510 per mile; ()3 miles of bituminous macadam, mixing
method roads, cost $181 per mile; 295 miles of concrete

bituminous roads cost $1,050 per mile; 84 miles of first-

class concrete roads cost $129 per mile; 291 miles of

block pavement roads cost $190 per mile. The 5,611

miles of all types cost $750 per mile.

.At the Wednesday morning session, A. C. Fmmctt,
whose paper appears in this issue, secretary of the Auto-

mobile Club, of Winnipeg, spoke on the attitude of legis-

latures to the good roads movement, which is becoming
much more favorable as the economic value of good roads

is realized. For many years the grants made were

meagre, but many provincial governments had now
passed good roads acts, and the various municipalities

can obtain substantial grants towards definite and well-

defined plans of road improvement in country districts.

The paper of Gabriel Henry, Quebec Government
Engineering Department, dealt with gravelled roads, and

was read by J. Duchastel de Montrouge, of Outremont.

Mr. Henry pointed out that one of the advantages of

well-constructed gravelled roads was that they could be

made to serve later as foundations for a more costly top

course, and one of greater resistance if traffic increased

and circumstances demanded, just as earth roads made
an excellent foundation for gravelled roads. He em-
phasized the importance of a perfect drainage for the sur-

face and subterranean waters, these tw-o conditions being

indispensable for any road.

The congress unanimoush- passed a resolution en-

dorsing the establishment of a Dominion Labor Bureau
system, permanently administered by a non-political com-
mission, as a national organization indispensable to the

adjustment of f>ost-war conditions and the replacing of

thousands of able-bodied soldiers in civilian employment
when peace is declared.

J. Duchastel de Montrouge, city engineer of Outre-

mont, gave a paper, which is reproduced in these pages,

on the laying of brick pavements in Outremont, em-
phazing the need of the strictest supervision in laying

them, and claiming that when properly constructed they

will wear smooth without being slippery. They are the

most sanitary pavements known, being easily cleaned and

absolutely dust-proof ; they are practically noiseless, and

are economic in the long run, as they required very little

attention and maintenance, and can be easily cut through

when required and repaired at small cost without any

cumbersome plant.

The great war and the good roads issue were inti-

mately associated in a brief but vigorous communication

read at the afternoon session. The writer, Oliver Hezzle-

wood, is president of the Canadian .Automobile Federa-

tion, and has tjeen in the forefront of the good roads

movement since its inauguration in Canada. Unless ag-

gressive action was taken by the Dominion and pro-

vincial governments, he said, the carrying out of the

plans for good roads was likely to be as haphazard and
capricious as the present plans for recruiting for overseas

service. The latter system, he claimed, was proving but

a repetition of the experience of the promoters of the

good roads movement, for manv individuals and com-
munities were obviously shirking their plain duty and

their responsibility to others and to themselves. Mr.

Hezzlewood said that he w'as rapidly coming to believe

in the principle of conscription in all matters of grave

public concern, and not alone in recruiting. Can.ida's

whole energies for iho time must be devoted to aiding the
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Allies to triumph, but \vhen that was accomplished, the

Dominion and the provinces should set themselves to

carr)-ing- out a country-wide scheme of improved roads,

thereby taking one of the most necessary steps toward de-

veloping fully the resources of Canada. In the meantime,
it would not be wise to project any great public works,

even such desirable ones as good roads, which might
prove a detriment to recruiting. To put 500,000 Cana-
dians into khaki and carry on necessary industries at

home would take every available ounce of man-power in

Canada, and it would be folly to divert farm labor, for

instance, to the making of roads. One form of labor

available for the latter work, however, was that of the

thousands of enemy aliens interned in Canada, and Mr.
Hezzlewood urged that they be employed for this pur-

pose. Reverting to his growing conviction that some
form of national service should be imposed for the gen-

eral welfare, Mr. Hezzlewood said that control over the

roads should be taken from county councils and small

municipal bodies, and handed over to central organiza-

tions, so that in time Canada should have a compre-

hensive system of highways.

Papers on the allied subjects of "Highway Bridges"

and "Highway Culverts" were read, the former by the

author, Lucius E. Allen, engineer for the county of Hast-

ings, Ontario, and the latter, in French, written by .\lex.

Eraser, engineer of the Highways Department of Quebec
Province, and read by J. Duchastel de Montrouge, of

Outremont. As bridges constitute so large a proportion

of the cost of many highways, said Mr. Allen, careful

study of their design and construction was necessary. A
bridge should be practically permanent in its construction,

and, to secure this, careful design, selection of proper
materials and expert workmanship must be combined.
Solid foundation was the first desideratum. There was no
standard type of bridge, and traffic, climate, geographical

features and other local conditions must govern a selec-

tion. Future developments must be anticipated, .as, for

instance, the denudation of forests, increasing' the possi-

bility of freshets. .\s a rule, increases of traffic and heavier
loads must also be provided for. Reinforced concrete con-
struction was being largely favored in England, being
economical both in first cost and in maintenance. In

adopting this type, artistic design and finish should not
be neglected. If steel bridges were adopted, constant
painting was essential, and Mr. Allen said he had seen
good steel bridges practically destroyed in 12 to 15 years
by neglect of this precaution. In conclusion, he expressed
satisfaction that the study of bridges was receiving the
consideration it deserved, as this meant that, when the
Canadian system of national highways was inaugurated,
the bridges built would be worthy of such a great under-
taking.

Mr. Eraser's paper on culverts stated that the average
cost of permanent culverts on provincial roads in Quebec
varied from S800 to 81,500 per mile. Concrete culverts
only were used, and, while the Quebec makers in the past
had not always adopted the best methods of manufacture,
a movement was now on foot to organize in order to secure
a standard product. No matter how good the qualitv of
the product, there was danger of failure unless it was
properly placed, and the need for intelligent and experi-
enced foremen was imperative. To safeguard traffic, the
culverts should be the full width of the road surface, and
to secure the unobstructed flow of water, right angle con-
nections between ditches and culverts must be avoided.

Mr. .\. E. Cunningham, representing the Lethbridge
Roard of Trade, spoke briefly. The importance of high-
ways to the country, he said, would be understood when

it was remembered that practically every bushel of Western
Canada's 300,000,000-hushel yield must pass over some
highway in its first stage of transportation. Great interest
was being taken in roads in .Mberta, and, when the Cana-
dian National Highway was built, it would find Alberta's
good roads ready to be linked up with it. The West was
eager to secure the next congress for Winnipeg, and an
invitation to that effect might be expected before the
present gathering closed. Good roads were a magnet that
would draw the whole Dominion closer together.

The closing feature of the afternoon was an illustrated
lecture by Prof. J. Crandell, of the Pennsylvania State
College, on bituminous roads. "You wouldn't put an
$8,000 house on a mud foundation," he said early in his
lecture, "and it would be equally foolish to use a mud
foundation for a road that costs $8,000 a mile." .Vfter
getting a good foundation, thorough rolling was half the
game in building the road. The modern bituminous road
was the result of a happy combination of the chemist, the
manufacturer and the engineer. The lantern views and
moving pictures accompanying the lecture were watched
by hundreds of the delegates.

The Canadian Automobile Federation, which was
allied with the Dominion Good Roads Association in pro-
moting the Congress, held their annual meeting in the
Place Viger Hotel on Wednesday evening.

On the motion of U. H. Dandurand, seconded by L.
B. Howland, Toronto, it was decided to change the name
of the organization to the "Canadian Automobile Associa-
tion." L. B. Howland, president of the Ontario Motor
League, was elected president ; Frank Carrol, Quebec,
and A. C. Emmett, secretary of the Manitoba Motor
League, vice-presidents ;

\\'. G. Robertson, secretary of

the Ontario Motor League, secretary-treasurer; Oliver
Hezzlewood, the retiring president, was chosen honorary
president. The executive committee named is G. A. Mc-
Namee, secretary of the Automobile Club of Canada ; L.

C. Beaupre, secretary of the Quebec .\utomobile Club

;

W. G. Robertson, secretary of the Ontario Motor League

;

A.. C. Emmett, secretary of the Manitoba Motor League

;

and L. B. Howland, president of the Ontario Motor
League.

Committee appointments were: J. A. Davis, of Mon-
treal, chairman of Good Roads Committee; E. A. Cun-
ningham, of Lethbridge, chairman of Touring Committee;
and U. H. Dandurand, of Montreal, chairman of the

Legislative Committee.

The association represents one hundred automobile
clubs. The financial state is very satisfactory. .\t Thurs-
day's session the attendance of delegates was as large as

at the previous session and close attention was given to

the proceedings.

A snowstorm was responsible for a delay in the com-
mencement of the morning session, proceedings not be-

ginning until II o'clock, while several speakers on the

programme did not arrive until the afternoon.

Mr. B. Michaud, Deputy Minister of Roads, ad-
dressed the delegates on the methods employed in Quebec
to construct roads. The various types of roads and the
need of economy were covered by Mr. Michaud in his

address.

An able paper was read by Mr. Duchastel, entitled

"Road Drainage and Foundations." The paper was
written by Major W. W. Crosby, consulting engineer, of
Baltimore, Md., who was unable to be present.

President Michaud occupied the chair at the afternoon
meeting, and some informative addresses and papers were
delivered. The first speaker was Mayor Lavigueur, of
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(Juebec, w lio lold ol what was bciiiy done in thai city,

and its vicinity.

One of the most interesting papers of the congress

was givi'n by Col. W. D. Sohier, chairman of the Massa-

chusetts Highway Commission, lioston, whose subject

was the selection of the type of road surface as governed

by the volume and class of traffic. Col. Sohier has been

at previous congresses, and his addresses have always

been most popular because of his wide knowledge of the

subject of roads, and the close study he has made of traffic

conditions on the state highways across the border. He
pointed out that it was often a difficult matter for an en-

gineer to decide what kind of road he was going to lay

down, not merely because of the question of cost, but be-

cause often the materials that would give the best results

were not always available or to be secured at reasonable

expense. He said that without adequate drainage, any

road would soon be destroyed and would become a series

of pot-holes and ruts with a horse path in the middle full

of mud. That did not constitute a road, even 11 the public

had to travel over many miles of such abominations in

both countries.

"You must expect in Canada," said Col. Sohier,

"when you get an even reasonabh- passable road leading

from New York and the New England States into your

beautiful country, that the motorist will soon find it out

and you will probably, on a few main roads, have as much
traffic as on the average state highways in the United

Sta'tes—500 or more cars every day during the season.

You must anticipate this traffic and build your roads

accordingly."

Col. Sohier said that with increasing traffic the width

of the hardened surface had to be increased, and therefore

it was important, if engineers were laying out a road, to

be sure to secure a sufficient width to avoid costly ex-

tensions afterwards. He mentioned that some of the roads
built in Massachusetts, which gave every indication of

being economical and extremely satisfactory for any rea-

sonable volume of traffic, were made of clean gravel al-

most free from loam or clay, heated and mixed with a hot
asphaltic residuum or asphalt, the cost of which was
about the same as waterbound macadam road when the

gravel could be obtained near the road.

Col. Sohier said that when once a road had been
treated with some bituminous binder on the top it was not
the automobile traffic on pneumatic tires that wore it out,

but the crushing weight of heavily loaded teams and
trucks. If these were in sufficient number to wear out the
stone in a macadam road in five or six years, there was
no question that such a road was not only not economical,
but was never in good condition for the traffic, and a more
expensive and durable type of pavement should be used.

One mile of road in good order was a better argument
for good roads and would produce more votes, more
money and more good road advocates in one year than all

the conventions and speeches delivered in thirty years.
Col. Sohier paid a graceful tribute to the knowledge of the
deputy ministers for Quebec and Ontario, who were fre-

quent visitors to the United States, where their advice
was always welcomed. He generally complimented the
engineers and committees doing the road work in Canada.

"Snow Removal in Montreal" was the subject of
Chief Engineer Mercier's paper. The average snowfall
for 41 years had been 119 inches yearly, and there was
snow on 79 days in 191 s, with rain on 28 of these days.
Mr. Mercier described the methods by which the city and
the Tramways Company co-operated to clear the streets,

speaking of the Tramways organization under Superin-
tendent A. Oahourv as "wonderful." The cost of clean-

ing sidewalks was 7,'j cents per ruimlng luol, and clearing

the roads cost $2,500 per mile.

"Concrete Highways and Streets" was the title of

a paper by Percy H. Wilson, consulting engineer,

Philadelphi.i. The increase of motor over horse-drawn

traffic in the past 15 years, he said, had forced recognition

of the fact that "good roads" were synonymous with

"hard-surface" roads. He illustrated the increase in

motor traffic by citing Ontario, with one auto to every

4,000 inhabitants in 1905, and one to every 75 in 191 5, a

5,000 per cent, increase in ten years. The resultant in-

crease in maintenance of macadam roads had created a

demand for a hard-surface, all-year, moderate first cost

and a minimum maintenance road, and this, Mr. Wilson
said, was found in the concrete road. He then went thor-

oughly into methods of using cement for road-making.

W. A. Magor laid before the gathering the de-

tails of the proposed Queen Alexandra Highway, running

north of the C.P.R. from Montreal West to Ste. Anne's,

being a continuation of Shcrbrooke Street to the west end
of the Island of Montreal.

.\t the annual meeting of the Dominion Good Roads
Association held on Friday, Winnipeg was decided on as

the place of meeting for the 1917 convention. The officers

elected for the ensuing year are

:

J. Duchastel de Montrouge, Outremont, president;

S. L. Squire, Toronto, vice-president ; George A. Mc-
Namee, Montreal, secretary-treasurer.

It was decided to create an advisory board, which will

be composed of the past presidents of the association, as

follows: W. A. MacLean, Deputy Minister of Highways
for Ontario, Toronto; U. H. Dandurand, Montreal; B.

Michaud, Deputy Minister of Roads, Quebec, and O.
Hezzlewood, Toronto.

The executive of the association will be composed of:

E. .V. Cunningham, Lethbridge ; A. C. Emmett, Winni-
peg; Howard W. Pillow, Montreal; J. A. Sanderson,
Oxford Station, Ont. ; Thos. .4dams, Ottawa ; E. N.
Desaulniers, M.P.P., Chambly ; W. A. Levesque, M.P.P.,
Montreal; George Hogarth, Toronto, and .\. F. Mac-
allum, Hamilton.

The exhibition of the manufacturers of apparatus for

good roads making and for materials used in construction
was one of the best of its kind ever seen in Canada.
Prominent among the exhibitors were : The Asphalt &
Supply Co., Limited, Montreal; The Canada Cement Co.,

Limited, Montreal; The Canadian Fairbanks-Morse Co.,

Limited, Montreal; Creosoted Block Paving Co., Limited,
Toronto; The Dunn Wire-Cut-Lug Brick Co., Conneaut,
Ohio; The Imperial Oil Co., Limited, Montreal; T. A.
Morrison & Co., Montreal; The Paterson Manufacturing
Co., Limited, Montreal; The Pedlar People, Limited,
Montreal; Sawyer-Massey Co., Limited, Hamilton, Ont.;
Trussed Concrete Steel Co. of Canada, Limited, Montreal.

A correspondent of the "Freeman's Journal," who has
visited the British front in Flanders, states: ''It is natural
to suppose that where there is such an enormous amount of

heavy traific the roads would be greatly cut up and in winter
weather soon rendered impassable. So they would were then-

repair and constant attention neglected or overlooked. But
it is not by any means. The roads receive constant attention.

If there are soldiers in the trenches and soldiers in the billets,

there are also soldiers looking after the roads, and these men
perform duties quite as important as those in the actual

fig-hting line. The older men or those who are incapacitated
from active military duties are engaged in road-mending
and road-making, with the result that all the roads arc in a

good slate and quite fit for heavy traction."
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CONSTRUCTION AND MAINTENANCE OF BRICK
ROADS AND STREETS.*

By J. Duchastel, M.Can.Soc.C.E.

ONE of the principal aims of road conventions of

this nature should be, in my mind, the education

of the public to the general details of the construc-

tion and maintenance of some of the principal

standard pavements. This can only be obtained by honest

talks in the simplest terms possible, devoid of all the ex-

aggerated statements and impossible claims which are so

frequently advanced by parties interested solely in the

selling of some kind of paving material.

The common man on the street should be made to

take some interest in the cause we are all trying to ad-

vance here to-day, and demand good roads and still better

roads, knowing that he can get them if he has a good
knowledge of what he wants.

Since the last fifteen or twenty years, or, to be more
precise, since the advent of the automobile as a real factor

in traffic problems, the engineers have been eagerly at

work trying to meet in an efficient manner the very serious

and new problems as they arose in rapid succession.

Hundreds of mistakes have been made through this

period, but we must be very thankful that many thousands

of road builders have profited by these same mistakes, and

to-day the fertile profession of engineering has seen some
of its members branch off in a new specialty as highway
engineers. Some of these distinguished highway engineers

are here gathered at this meeting. The paper I am pre-

senting to-day is not for their benefit, but I will be most

satisfied if it meets with their approval. My only object is,

in complying with the wishes of our worthy president, Mr.

Michaud, to do my little bit, and give to the people who
follow these road conventions, or read their proceedings,

the results of my experience in the matter.

Before going any further I want it distinctly under-

stood that I am not to be classed as a crank on brick pave-

ments, and that I firmly believe that the merits of all types

of pavements for any special locality should be carefully

considered before any decision is arrived at, so that my
judgment on the matter must be accepted as an un-

biased one.

1 he main principles governing the construction of a

brick pavement are as follows:

—

(i) The proper and efficient drainage of the subsoil,

most important in our climate.

(2) The careful compacting of the sub-soil and the

shaping of same to a grade to correspond with that of the

finished pavement.

(3) The construction of a proper concrete foimdation.

Most necessary in cold climates and in localities where the

drainage of the sub-soil is sluggish.

(4) The adoption of a cushion layer between the con-

crete foundation and the bricks.

(5) The careful laying of the bricks with the

smoothest surface up and lugs laying in the same direction.

(6) The thorough rolling of the ungrouted bricks to

an even surface.

(7) The thorough application of a prope"- cement filler.

(8) The protection of the filler from rapid setting.

(9) The prevention of traffic over the new pavement
for a period of two or three weeks.

(10) The competent supervision of the wliole work
by efficient men.

.Allow me to discuss these important items in detail

in describing to you the manner in which a wire cut lug
brick pavement was constructed on Laurier Avenue, in

Oulremont, Que., last year, under my supervision, by
day labor.

Laurier .Avenue is the main commercial street in

Outremont ; it runs in a southwesterly direction from
Hutchison Street to Cote St. Catherine Road. The dis-

tance between the curb lines is 57 ft. 6 in. and its length

is 1,092 ft. The grades of this street vary from 2.65% to

4.52%. A double line of car tracks occupies its centre.

The paving work was carried out in the following
manner :

—

The old macadam pavement on the northwest side

was first excavated and both car tracks were pulled over
to this side overnight ; then the Tramway Company in-

stalled new 115-lb. grooved rails on new cedar ties on a

concrete slab 18 feet wide by an average thickness of 8
inches, constructed by the city. The pavement between
the tracks, was then completed, and after a period of fifteen

days the street cars were allowed to run over the new
tracks. .After the old rails had been removed from the

nortTiwest side, the paving operations were immediately
started. Traffic was allowed to circulate throughout these

*Paper read before the 3rd Canadian and Internatioii.il

Good Roads Congress, Montreal, March 6-10.

Fig. 1.—Laying Brick at Outremont, P.Q.

operations on the opposite side, and as soon as the pave-

ment on the northwest side had properly set it was trans-

ferred over to this side and the paving operations begun
on the southeast side.

I shall describe only the construction of the pavement
on the two sections between rail and curb line, the paving

between the tracks being carried out somewhat differently

on account of the presence of the rails themselves.

(i) Drainage.—The sub-soil encountered in the exca-

vation was quite varied; bed rock at one end and common
dirt excavation at the other with rock underlying. This

sub-soil had been many times disturbed by the construc-

tion of sewer, water, and gas services in separate cuts,

as well as the connections to same from the dwellings

along this street. Three lines of porous drain pipe 4 ins.

in diameter were laid ; two at the curbs at an average depth

of 12 inches below their level and connected to the catch

basins ; the third line was laid in the centre of the street

below the concrete slab under the ties and connected to

the manholes. The shallow trenches of these tile pipes

were carefully filled in with i '4-in. broken stone, insuring

therebv the proper drainage of any ground water.

(2) Compacting of Sub-soil.—The sub-soil was care-

fully shaped and thoroughly rolled with a 15-ton roller

until it was well compacted and its shape corresponded as

closely as possible to that determined for the pavement
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itself. Special attcnliiin was given 10 freshly opened cuts,

and quite a number uf the old ones were also thoroughly

rolled. We observed thai many of these old cuts settled

down considerably under the roller, demonstrating the

necessity of this rolling before the construction of any type

of pavement.

(3) Concrete Foundations.—A conerelc foimdation

was then laid to a depth of 6 ins. at least, the following

proportions being used : one of cement, two and one-half

of sand, and five of stone. Reinforcing rods i in. by 12 ft.,

space'! 12 inches apart, were laid in the concrete over all

freshly i <ade cuts as a precautionary measure in case of

further settlement. Twice a day, this concrete foundation

was thoroughly watered, and no traflic whatever was
allowed over it.

(4) Cushion Layer (now more appropriately called the

bedding course).—When the concrete foundation had
properly set, two guide limbers, i '/. ins. thick by 4 ins.

wide, were laid directly on the concrete, one o.n the curb
line and parallel to it, and the other along the rail, then
the sand and cement cushion, which had previously been
mixed dry, in the proportions of one of sand to four of

cement, was spread evenly over the concrete foundation
to a depth of about 2 inches. A heavy templet having the
exact cross-section of the finished roadway was then drawn
over this on the wooden rails levelling down the cushion
and compacting it to a thickness of about i S4 inches. This
operation was carried on in stretches of about 20 to 30
feet in length

; when found necessary, more of the cement
and sand cushion was distributed and the templet drawn
over again until an even surface was obtained. Then, a
hand roller weighing about 250 pounds was rolled up and
down over the cushion until it was thoroughlv compacted.
After this the templet was again put in use, but this time
the '4-in. iron shoes at each end were removed, thus
allowing the templet to shape and compact the cushion
to a thickness of i >< ins. When these operations were
completed, the wooden guide timbers were removed and
the cushion materials placed and compacted in the de-
pressions they had occupied. The importance of properly
shaping the sand cushion will be readily seen, as the final

shape of the pavement depends entirely upon its success.
The addition of cement in the cushion adds but very little

to the final cost of the full work, and affords a stable
foundation for. the bricks, which cannot be disturbed bv
any- cause.

It affords me great pleasure to bring to the attention
of this con\ention the details of the construction of a new
bedding course described above, and which is being rapidly
adopted by quite a number of leading engineers in the
United States.

I am also pleased to state that Outremont is probably
one of the first cities in Canada, if not the first one, to
adopt this new type of construction.

It is well recognized to-day that many failures in

brick pavements can be traced to the non-uniformity of
the sand cushion or the lack of proper compactness of
same. It is claimed by some that a brick pavement should
have a cushion so as to keep its resiliency under heavy
traffic. It is very doubtful in my mind if the sand con-
tained between concrete foundations and the brick pave-
ment has really any elasticity, and my opinion is that this

plain sand cushion can shift or be compacted bv heavv
traffic, and that the l)rick pavement itself may spring
somewhat under this heavy traffic, but the sand cushion
will not follow and small air spaces between the sand and
the brick pavement may be formed, introducing weak
spots which may cause serious trouble later. It has also
been claimed thai the sand cushion pre\-ents the crushing

of the brick pavement under heavy traffic. This idea, in

my mind, is not well founded. If bricks well grouted are

not able to sustain the load of modern pavement, the

sooner they are discarded as paving materials, the better

it will be.

The ad\antages now claimed in using a cement and
sand bedding are as follows,

—

l-'limination of the hazard of the sand cushion during

construction, as the pavement will not be injured at any
linie by rain, the wearing surface, \yith the exception of

the filler, being completed each day. If a rainstorm in-

tervenes, no damage is done, as there is no sand to be-

come saturated and cause worry about rolling the brick

surface.

Ha<h brick in the wearing surface will be assured a

cement bond its entire depth, for if the cement sand should

work up in the joints, it will set up and prevent the shear-

ing action which tends to crush the top of the brick.

There is no chance for the bed to shrink or shift away
from the bottom of the brick wearing surface, as the brick

is firmly bedded in the cement sand or held in the mortar
of the concrete base.

^^ here these pavements have been laid there seems to

be a total absence of any rumble under traffic.

Slight settlements and breaking of bond due to non-
uniformity of sand cushion are eliminated.

One striking example of grouted brick pavements laid

on cement sand bedding can well be described here, and
that is the approaches to the Pennsylvania Railroad ter-

minal in New York City, paved in 1910, the bricks bein'g

laid on a sand and cement bedding course mixed one to

three. This pavement shows no signs of deterioration

except along the curbs where the wheels of the heavily

loaded wagons skidding down the inclines have cut some-
what into the bricks. The traffic on these approaches, it

must be remembered, is very heavy.

(5) Laying of Bricks.—The bricks, which had been
neatly piled on the sidewalk edge or at any convenient

points, were carried to the droppers or pavers on wooden
pallets, five at a time, and placed behind them in piles, five

bricks high, and in such position that each brick could be
handled so as to bring its lugs always in the same direc-

tion with its best edge up. The droppers, on dropping
the bricks down in place, could proceed with their work
by standing- on the newly laid bricks and dropping the

bricks ahead with the lugs away from them on the sand
cushion. The brick joints were broken at least three

inches, and nothing but whole bricks were used, except

in starting and finishing courses. Every fourth or fifth

course it was found necessary to straighten up or close

up the courses. This was done by tapping them lightly

with a sledge, using a 4-in. by 4-in. timber 3 or 4 feet

long. At all times the bricks were clean and entirelv free

from chips, dirt or other foreign matter.

(ft) Rolling.—After a certain stretch of bricks had
been laid, and the surface thoroughly swept, a small 3-ton

steam roller was used to roll them down. This was done
in the following manner: The rolling was commenced
near the curb at a slow pace and continued back and forth

up to the rail, then the operation was repeated at a quicker

pace. Next the rolling was done transverselv at an angle

of 45 degrees with the axes of the pavement, and then

repeated in the opposite direction ; then the bricks were

rolled again parallel to the curb lines. During rolling the

bricks were carefully inspected and all broken or chipped

ones were imniediatelv removed and replaced. Those
bricks ha\ing settled too much, as well as those sticking

U[), were removed and replaced bv other ones. The roll-

ing operalion was really a very attractive one to watch
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as the smoothing out of the brick surface was very notice-

able after the first trip of the roller. The rolling of all the

bricks laid in one day was completed every night, so that

if the weather became rainy there was no chance of the

cushion setting before the bricks had been properly rolled.

It is needless to say that we did not mix any more cushion

materials than was required for one day's work.

(7) Cement Grouting.—The grouting was done as

soon as possible after the bricks had been rolled down.
These bricks were first thoroughly sprinkled, with the

double object of supplying enough water to the cushion

for setting purposes, and the thorough wetting of the

bricks themselves. The sand and cement of the grouting

were mixed dry in equal proportion, one to one, and to

a uniform color. Batches of about two cubic feet were
placed in specially constructed portable mixing boxes,

having one corner lower than the others, the water being

added \ery slowly and the mass thoroughly mixed with

a hose until its consistency was liquid enough to allow it

to flow without separation of the ingredients. This grout

was then poured on the bricks with large scoop shovels

and spread well into the joints with hand-squeegees, and
the operation gone over until the joints were completely

filled. The grout was nhvavs suffirientlv fluid to thor-

Fig. 2.—Applying Cement Grout Filler at Outremont, P.Q.

oughly fill the lower part of all joints and flow several

joints ahead of the squeegees, oozing up to the surface

as more grout was pushed ahead. I am perfectly sure that

every joint was filled up with the grouting from top to

bottom, and that none of the cushion material partly filled

the joints.

(8) .'\fter the grouting operations were finished, the

pavement was well covered with tarpaulins or cement

bags, and kept moist for several days, thus insuring the

slow settling of the grout.

(9) \'ehicular and pedestrian traffic was kept oft" the

freshly made pavement for a period of at least fifteen days,

according to the weather and temperature. When pedes-

trian traffic had to cross a section of the freshly made
pavement, a thick layer of sand was spread over it and

heavy planks laid over this sand ; so, in no manner did the

pavement receive directly any traffic.

(10) I personally gave this considerable attention,

and aided by my assistants, every detail of the work was
•carefullv supervised. No highway engineer can expect to

have good results on brick pavement w-ithout the most

minute supervision of everv detail of the construction.

The bricks specified for this pavement were of the

type known as the "Wire Cut Lug Brick." The main ad-

vantages in using these bricks are that the joints are all

uniform in width on account of the presence of the lugs

which maintain the bricks at an equal distance from one

another, and also the fact that the bricks have square

corners, and that the joints can be filled from top to

bottom at an uniform width without any danger of the

grouting being chipped at the surface, as in the case of

bricks with chamfer corners. These bricks had to comply

with the general clauses adopted by the American Societ>

of Municipal Improvements.

The wire cut lug bricks that were used were tested

as follows :

—

.\brasion test averaged thin blocks : At 600 revolu-

tions, 8.55%; at 1,200 revolutions, 12.00%; at 1,800 re-

volutions, 14.21%.

Absorption test: 1.21%.

In conclusion, I must state that the advantages of

brick roadways are as follows :

—

(i) When properly constructed with the right ma-

lerials, they will wear smooth without being slippery.

(2) They are the most sanitary pavements known,

being easily cleaned and absolutely dust-proof.

(3) They are practically noiseless.

(4) They are economic in the long run as they require

very little attention and maintenance.

(5) They can be cut through when required and easily

repaired at small cost without any cumbersome plant.

Charcoal is almost an ideal furnace fuel. It is nearly free

from sulphur, having only a few hundredths of i per cent, in

coke and about i per cent, of ash agrainst about 10 per cent,

for coke.

There is a remarkable tendency observable in tissues and

cotton when moistened with oil, to become heated when

oxidation sets in, and sad results often follow when the

tendency to take fire is neglected. A wad of cotton used for

rubbing a painting has been known to take fire when thrown

through the air. The waste from vulcanized rubber, when

thrown in a damp condition into a pile takes fire spontane-

ously. Masses of coal stored in yards frequently take fire

from snontaneous combustion without any spark of fire being

applied to the mass. It is good to know such things and to

guard against mysterious fires.

In an action against a railroad it appeared that the

plaintiff was walking on a parallel track used by another road

.md upon the ends of the ties next to the defendants track,

about 5'^ feet from the ends of the ties on the defendants

track, when he was overtaken and run over by a heavy freight

train drawn by two engines on an upgrade and a partial

curve. The train, which had stopped for water at a tank

about 485 feet back, was running from 3 to 25 miles an hour.

The plaintiff testified that he was drawn under one of the cars

bv the suction caused by the speed of the train, and his leg

smashed. There was evidence that no suction could have

been produced at the speed the train was going, and that

even at a greater speed than -,o miles an hour, trains had

frequentlv passed close to section hands repairing the track

without anv such effect being produced ; also that the effect

produced bv a rapidly moving train would be merely to split

the air and drive objects away from it, such as dust from the

track and hats from the heads of men standing near it, the

force of the wind being away from the train rather than to-

wards it. The iurv returned a verdict for the plaintiff, which

the trial court set aside, for the reason that there was no

evidence to support it. and entered a judgment of non-suit.

On appeal this was affirmed by the North Carolina Supreme

Court in an exhaustive opinion. The court held that the

plaintiff's injurv. if occurring as the result of suction created

bv the rapidiv moving train, was an unusual occurrence such

as the engineer could not have reasonably expected would re-

sult from the ranid movement of the train, and hence such

movement was not negligence.
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Montreal, Que.—The government has authorized a

small advance to provide for the continuance of the work
on the harbor.

Montreal, Que.—At a meeting of the Chamber of

Commerce the question of raising the Grand Trunk tracks

was taken up.

Edmonton, Alta.—The Oliver, St. Paul de Metis

Railway, according to Sir William Mackenzie, will be in

operation before the end of June.

Trenton, Ont.—The steelwork on the new bridge

over the Trent River is almost completed. The structure

is expected to be ready for traflfic very soon.

Montreal, Que.—Plans have been submitted to the

Board of Control for a tunnel estimated to cost $1,200,000
under the Lachine Canal at Wellington Bridge.

Owen Sound, Ont.—The secretary of the board of

trade announces that engineers yvill soon commence
surveys on the harbor for dredging purposes.

Toronto, Ont.-—A trial trip has been made over the

newly-electrified Schomberg division of the Metropolitan
Railway. A regular service will be inaugurated shortly.

New Westminster, B.C.—The annual report of City
Engineer J. W. B. Blackmore shows that the work car-

ried out under the supervision of his department cost

$371,020 for 1915.

Toronto, Ont.—It is learned that the government's
bill on hydro-electric development at Niagara Falls will

provide for an ultimate expenditure of $14,000,000 to be
supplied as the work proceeds.

St. John, N.B.—Engineers of the Canadian govern-
ment are engaged in locating a new line from near Fred-
ericton across York county to connect with the Maine
Central Railway at Vanceboro', Me.

Toronto, Ont.—The foundations on the new Union
Station are being rushed ahead in order to be ready for

steel erection. It is expected that the steel construction

work will commence about April 10.

Montreal, Que.—Pavement was laid on 45 miles of

streets in the city last year. The total cost of the work
was $1,934,408. Asphalt for the most part was used as

surfacing, the total quantity being 7,145 tons.

Hamilton, Ont.—Arrangements have been made with

the Dominion Power and Transmission Company by which
the hydro radials will run over the tracks of the Hamilton
Street Railway on their route through the city.

Victoria, B.C.—Legislation will be introduced within

the next ten days looking towards the aiding of ship-

building to the extent of a sum not exceeding $2,000,000
by way of guarantee. It is planned to lay down ten ships

at once.

Brantford, Ont.—The city has been granted the

right to o[>erate the Grand Valley Railway under the

name of the Brantford Municipal Railway System. The
line runs from Brantford to Gait through Paris and
Dumfries.

Victoria, B.C.—At a meeting o| the reorganized

Canadian Puget S<>un<l Lumlx-r Company it was decided

to begin operations at the Victoria Mill and Jordan River

timber limits at once. Five lumber-carrying ships will

be built by the company.

Hamilton, Ont. Mayor W'.iltcrs advised the Board

of Qjntrol to post])one until after the war the question

of an entrance into Hamilton for the Toronto-Hamilton

Highway, unless a satisfactory agreement could be made
with the Commission.

Toronto, Ont.—The provincial government has pur-

chased the Seymour interests in Central Ontario, com-
prising over twenty companies. This will give the hydro-

electric commission complete control of power in the

province. The price paid was $8,350,000.

Sarnia, ont.—Engineer J. J. Jeffreys, of the Ontario
Hydro-Electric Commission, advises that when Sarnia

installs a street lighting system a good set should be put

up. The system suggested by Mr. Jeffreys would cost

$12,000 a year, in place of the present $7,000 a year.

Fort William, Ont.—\ proposal for the government
railway to link up to the Canadian Northern Railway
and run over the latter's line from Fort William to a

point north of Long Lake is on foot. Such a line would
put Fort Willi.im 215 miles closer to the new gold camp
at Kow Kash.

Fort William, Ont.—The inter-cities committee of

Port ."Xrthur and Fort William passed a resolution re-

commending that the two city utilities committees get

together to frame up a prop>osal to get the hydro-electric

commission to expropriate and operate the Kaministiquia

power plant or allow development at Nipigon or Dog
Lake.

Ingersoll, Ont.—That it is the intention of the gas
company to furnish Ingersoll with purified natural gas
was the welcome news received recently. .A. representa-

tive of the company was in Ingersoll and conferred with

the special committee of the council appointed recently

to deal with the situation in consequence of the purifier

at the gas plant having been destroyed by the recent

explosion and fire.

Winnipeg, Man.—Dredging an 18-foot channel in

the Assiniboine River, from its junction with the Red to

.\ssiniboine Park, is a feasible plan. City Engineer
Brereton said recently, and the Board of Contral seemed
to favor approaching Hon. Robert Rogers to see if die

Dominion Government would not do this work. The
purpose of the channel would be to make motor boating

to the park possible.

The Pas, Man.—That the Hudson Bay Railway will

be completed in time for the 191 7 crop shipment is the

belief of builders here. The summer construction pro-

gramme concludes plans to have the steel track laid to

Kettle Rapids, 90 miles from Hudson Bay, by .A.ugust

I St. Construction of the cantilever bridge over the Nelson
River at this point is expected to be finished in time to

allow further steel-laying before frosts set in.

Calgary, Alta.—A decision of the Supreme Court af-

fecting farmers on the Canadian Pacific irrigation block

has just been handed down by the Supreme Court, in

which the court dismisses the action by the farmers, in

which the latter claimed that the contracts with the rail-

way company were made under misrepresentation, in that

irrigation has been a detriment in some sections of the

irrigation belt, and .illeging other reasons for their request

for the annulling of the contracts.
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HARNESSING THE TIDES.

In an address before the Commercial Club of Halifax

recently a scheme to harness the Bay of Fundy tides for

the development of hydro-electric power was outlined by

Dr. Geo. B. Cutter, president of Acadia University.

The scheme, which has been worked out by Dr. Cutter,

in conjunction with Prof. R. P. Clarkson and Ivan

Curry, has been often talked of, and should give a supply

of power which would be cheap and practically unlimited.

The proposal is to place strong current motors at

the base of Cape Split by which power would be gen-

erated to elevate sea water to reservoirs, which would

be built on the top of the cliffs. The water would then

be conducted to the power-house at the base of the cliff

and returned to the sea. On examining the tidal flow

in the Bay of Fundy a remarkable variation was found,

the rate in the middle of the Bay being between one and
two knots. The maximum at Digby Gut is four knots,

and the highest rate is in Minas Channel, where the flow

is between eight and ten knots, or between nine and
eleven miles per hour. This rate of flow is greater than

the swiftest streams, and is equalled by tidal current

at only two other spots on earth. For this reason Minas
Channel is the most favorable location for the develop-

ment. Difficulties of developing tidal power are due to

the Unevenness of flow, necessitating storage of some
kind to keep the output of p)Ower uniform. Also, power
schemes must not interfere with navigation.

The power plant suited to even such a favorable tide

as the Bay of Fundy must be so adjusted as to give con-

tinuous, regular and sufficient power, with low cost of

installation and operation, and at the same time not

interfere with navigation.

The site chosen as the most suitable for reservoir

is at Cape Split, where the perpendicular cliffs rise over

300 feet. The greatest problem of the development is to

get the water up on top of these cliffs. The scheme pro-

posed to accomplish this is to install specially designed

current motors at the foot of the cliff. These motors

would supply power to operate pumps, which would ele-

vate the sea water to reservoirs placed on top of the

cliff. The water would then be delivered to the power-

house at the base of the cliffs. By this method the flow

from the reservoir would be continuous and regular

whether the pumps were operating or not.

The motor designed for the work has already been

constructed in the form of a model, which develops 27

horse-power, and is so light as to be carried by two
men. As the motor is very simple in design, the cost

of installation and operation will be very low. Multiple

units will be arranged, both for motors and reservoir,

so that in case of one unit breaking down there will be

another ready to step into the breach. .As a central dis-

tribution point Cape Split could not be surpassed. ^Vithin

a radius of 125 miles are .\ntigonish, Yarmouth, Fred-

ericton, Newcastle, and most of Prince Fdward Island.

Transmission lines of about 85 miles each would reach

Digby, New Glasgow, Moncton and Halifax. In com-
parison with Ontario, where power is transmitted 250
miles, these distances seem short. This would be a very

valuable acquisition to the Maritime Provinces, whose
development, industrially, would be assured. At present
the total available water power is 34,500 horse-power,
while this scheme would make possible a development
of 2,000,000 horse-power.

SPRING CLEANUP FOR THE RAILROADS.

For the next few months the section gangs of our
railroads will have their hands fully occupied in repairing

and rehabilitating the various sections of roadbed under
their supervision which have been more or less tem-
porarily ballasted, or on which the rails have been
brought to even grade with wood shims during the winter
season, which is now nearly over.

If it were possible to do this work during the winter
a great amount of labor could be saved which could be
put to trimming slopes, planting grass on sides of earth-

cuts, and doing other work which would be preparing
the line for summer traffic. As it is, the work now is

crowded, so that it is almost impossible to do anything
toward making the line attractive from the viewpoint of

the travelling public.

To the engineer, a well-prepared roadbed has certain

qualities which do not present themselves to the layman,
who has come to look upon the track and roadbed more
as something which mars the natural beauty of the land-

scapye.

If it were practicable, and there is no real reason
why it should not be so, to employ extra men in such
numbers that the whole line of roadbed and everything
adjacent should be given a sort of spring cleaning

—

new
sodding done, nicely-moulded shoulders put on the

grades, gardens at all station grounds, and lots of fresh

paint and whitewash, it would without doubt repay the

railroads, inasmuch as it would make travelling much
more pleasurable. If this were more generally done in

the spring, the period of usefulness of the passenger to

the railroad, and incidentally to the "monthly railroad

earnings," will not have lapsed; on the contrary, it will

perhaps have increased when his journey is over and
he has elbowed his way through the crowded station

once more. For while travelling over the road he has
been the sightseer, awed with the grandeur of the

scenery presented to his gaze in an endless panorama of

natural beauty. We say natural beauty advisedly, be-

cause it is only nature's work that he sees, while the

hand of man is hidden by careful landscape work, or at

least it is unobtrusive, and does not seem to mar the

natural scenery so much as when it is left as the con-
struction gangs left it, showing the hand of man as a

ruthless destroyer. It is after the trip that the tourist

does his best work for the railroads in that he tells his

friends of the beauties of the various railroads over
which he has travelled. .Again, if the tourist has been
over a road that has not done any beautifying he will

loudly denounce it. The railroad will be a blotch on the

landscape, and he will advertise it as such. It would
not take so very much labor to make this road more
presentable from a beauty standpoint. One cannot paint
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till' lily is a very line saxiiig-, but a little touch of white
paint over any disfiguring marks will make it a great

deal more presentable—at a distance, anyway, and that

is how our tourists see things.

When the returned tourist talks is when his xahu'

to the railroads is at its highest. His friends may be

just wailing to settle the much-discussed question of

"where to go" when he tells of his travels. They pro-

bably only need a little encouragement in certain direc-

tions in order to make them decide.

Some work is done on the railroads in the spring,

but it is generally of a utilitarian nature. It is usually

summer before the efforts of trackmen and station agents

are evident, at least to the travelling public.

ALTITUDES IN CANADA.

The Board of Railway Commissioners have taken

a step in the right direction in their recent order, in which
all railroad companies when submitting profiles of their

roads or extensions, must base all elevations shown
thereon to Mean Sea Level. This will apply to all lines,

commencing, terminating or intersecting with any of the

lines as listed in White's "Altitudes in Canada," a work
which has been widely distributed. This will tend to

spread the network covered by "Altitudes in Canada,"
and will be of inestimable use to engineers who will in

the future be commencing some work from n point which

is already listed in the book. The order also stipulates

that any line touching tide water must show elevation

above Mean Sea Level.

It would be of advantage to engineers if all works
were carried on with a common datum, and it would be

in our own interests to include not only railroads but

any engineering work in the above order. Of course,

we will still have to resort to the old stump B.M. We
usually assume it to be elevation 100.00 in out-of-

the-way places, but wherever possible we should carry

on the elevation in respect to Mean Sea Level.

SASKATCHEWAN LAND SURVEYORS.

The officers of the Saskatchewan Land Surveyors'

Association elected at the annual convention in Regina
are: W. R. Reilley, Regina, president; R. W. E. Loucks,
Regina, vice-president; H. G. Phillips, Regina, secretary-

treasurer. Four councillors were elected as follows : W.
M. Stewart, Saskatoon ; E. W. Murray, Regina ; W.
Thompson, Grenfell ; and F. Lamb, Saskatoon. P. W.
Brown, of Saskatoon, and S. Young, of Regina, were
appointed auditors.

PERSONAL.

E. E. FORGEL^S has been appointed purchasing
agent of the Eastern Car Co., New Glasgow, N.S.

T. V. McCarthy, B.A.Sc, of the Waterworks
Department, Toronto, has enlisted for overseas in the

43rd Howitzer Battery.

H. S. PHILLIPS, formerly chief draftsman in the

Sewer Section, City Hall, Toronto, has accepted a similar

position with the Canadian Nitro Products Company.

Lieut.-Col. CHARLES IT. MITCIII'LL, C.E., M.
Can.Soc.C.E., Toronto, has received from the French
government the officer's cross of the Legion of Honor.

SAMUEL G. ALLICX has been clcclod president of

the Franklin Railway .Supply Company, and Mr. Joel S.

Collin, formerly president, is now chairman of the board.

J. E. RICHARDS, general auditor of the London
and Port Stanley Railway, has been appointed manager
and treasurer of the road, succeeding F. T. LEVER-
.SL'CII, who resigned. Mr. Richards was formerly with

the Chatham, Wallaceburg and Lake Erie I-^leclric Rail-

way.

OBITUARY.

CHARLES H. CONERY, well known as a paving
contractor, died last week in Guelph.

WM. NORRIS, manager of the Chatham, Wallace-
burg and Lake Erie Electric Railway, died in St. Joseph's

Hospital, London. He was fifty years old, and was for-

merly connected with the London Street Railway Com-
pany.

THOMAS TOMLINSON, head of the firm of

Thomas Tomlinson &' Son, iron founders, Frederick

Street, Toronto, died on February 22 in the Western
Hospital, following an accident. The deceased was 45
vears of age.

MANITOBA BRANCH. CANADIAN SOCIETY OF
CIVIL ENGINEERS.

.\t a meeting on March 6th of the ^neral Section

of the Manitoba Branch of the Canadian Society of Civil

Engineers Messrs. W. G. Chace and M. V. Sauer gave

an interesting review of the present and proposed hydro-

electric development in the Niagara Falls district. The
differences in the various plants were pointed out, special

features were discussed, and the advances made in electric

power transmission within the last twenty years were
dealt with.

VANCOUVER BRANCH, CANADIAN SOCIETY OF
CIVIL ENGINEERS.

Detailed description of the government's great float-

ing drydock at Prince Rupert, largest but one of all

Canadian docks of a similar type, the Montreal construc-

tion being slightly more imposing was given by J. H.

Pillsbury, of the engineering staff of the Grand Trunk
Railway and engineer in charge of the construction of the

northern dock, before the members of the Vancouver
branch of the Canadian Society of Civil Engineers at their

meeting in the Board of Trade rooms.
The dock has a lifting capacity of 20,000 tons, about

the tonnage of a steamer of 650 feet. It is in three sec-

tions, each one capable of being sunk and lifted inde-

pendently for the accommodation of smaller vessels. In

connection with it there is a very complete plant, in-

cluding light and power plant, machine shop and ship-

building plant. The cost of the whole plant, dock and

all, had been $2,600,000, but the cost of the dock and

its accessories was about .$800,000.

COMING MEETINGS.

AMERICAN W'ATERWORKS ASSOCIATION.—
Thirty-sixth annual convention to be held in New York
City, Jupe j.th to Slh. Secretarv, ]. M. Diven, 47 State

Street', Trov, N.Y.
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Made in Canada

A

Cheaper

than Plain Macadam—

Kennedy Road, Scatboto Townships

Y'ork County^ Ontario.

Tarvia filled macadam.

'T'ARX'IA is always cheaper in Ihe long run
* to bond a macadam road with than water.
Sometimes Tarvia as a binder does not add
anything to the first cost.

The York County Highway Board, York
County, Ontario, built about five miles of
Tarvia macadam in 1915 and found it two
cents a square yard cheaper than waterbound
macadam cost them in 1914.

Such figures are not unfamiliar. The Tarvia
displaces a certain amount of stone and re-

duces the amount of rolling required. The
excessive use of water, often difHcult to pro-
vide, is done away with. The Tarvia often
makes possible the use of a cheaper stone
which may not make a good road by itself

buc will give excellent results when there is a
Tarvia matrix to prevent internal attrition.

Plain macadarn is not fitted to stand the
stresses of modern traffic but a tarviateii road
is automobile-proof. The swiftly driven

wheels which disrupt a plain macaaam sur-

face, merely roll down a tarviated inacadam
and make it smoother. The tarviated surface
is waterproof and frostproof, and will not ravel
when lain torrents sweep down steep hills.

There are three kinds of Tarvia. "Tarvia-X"
is very heavy and den^e, used as a binder in

road building as in ihe above instance, and
the most thorough and permanent of the
Tarvia treatments. "TarviaA" is a lighter

grade, used for hot surfacing applications.
"Tarvia-B", which is fluid enough to be
applied cold with moder;i spraying apparatus,
is for dust prevention and road preservation.

In addition to the fi\e miles of "Tarvia-X"
macadam mentioned above, the York County
Highway Board in 191.") coated six and one-half
miles of the King.ston Road with "Tarvia-B".
This is one of the best roads leading cut of

Toronto.

Booklets on request. Address ntir nearest office.

uimuiiiniiiiiuuimiiiiiiiiiiiiiiiiiiiiij^

Special Service Department
This Company has a corps of trained
engineers and chemists who have given
years of study to modern road problems.
The advice of these men may be had for

the asking by anyone interested.

If you will write to the nearest office 1
regarding road problems and conditions in |
your vicinity the matter will have prompt §
attention. i

iiiiniiiiniiniiiniinRiiiiiiiiiiinmniiiriiiiiiiniiiiimiio!:

THE PATERSON MANUFACTURING COMPANY, LIMITED
MONTREAL WI.NNIPEG V.\NCOUVER

THE CARRITTE-PATERSON MANUFACTURING CO., LIMITED
ST. JOHN, N. B. HALIFAX, N.S. SYDNEY, N.S.

nuiHIlMIIII
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Good Roads
Deserve Good Culverts

Specify Mimico Culvert Pipe

VITRIFIED—OUTWEARS THE ROAD

4 in. to 24 in. always in stock

Ontario Sewer Pipe Company, Limited

Mimico, Ontario
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— Two of four storage tanks for fiiet oil built from stock plate for Wm. Kennedy & Sons, Collingwood. Dimensions. 12' diameter, ti' high. —

I ALL KINDS OF PLATE STEEL CONSTRUCTION FOR |

I MUNICIPAL, RAILROAD AND FACTORY SERVICE |

I Water Tanks—Standpipes—Stacks—Oil Tanks |

I Riveted Steel Pipe — Penstocks, &c., &c. |

I The Toronto Iron Works, Limited [

I Toronto |
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ROAD IMPROVEMENT IN THE PROVINCE OF QUEBEC
SHOWING HOW THE EXPENDITURE ON ROAD CONSTRUCTION AND MAINTENANCE HAS
INCREASED FROM THIRTY DOLLARS IN 1895-96 TO SIX MILLION DOLLARS IN 1914-15

IN
the report of the Roads Department of the Province

of Quebec the remarkable growth of the good roads

movement since its inception is interestingly described.

The development of each type of road is outlined in

the following paragraphs abstracted from the Minister's

Report, published a few weeks ago.

Earth Roads.—The maintenance of earth roads has

been the object of the government's attention for over

fifteen years. At

the beginning of

that period, al-

though the advant-

ages of hard surface

roads were known,
it was quite natural-

ly thought that the

most pressing mat-

ter should be at-

tended to and the

farmer be induced

to keep the munici-

pal road in order as

it already was : that

Is, with its irregular

shape, its more or

less steep grades,

its insufficient drain-

age and almost ever

doubtful means of

carrying off the
water from its sur-

face. The idea of

improved roads was
then so slightly de-

veloped, while traf-

fic was so far from having the requirements of the present

day, that one can understand why maintenance should be
only temporary work, to meet the needs of limited wheel

traffic and of trade whose rapid growth was not yet in the

least suspected. Neither had the automobile then revolu-

tionized transportation, in this countrv at least.

Our industry, our agriculture, our means of com-
munication all were nevertheless destined to soon undergo
a transformation. On the eve of such transformation, bad
roads, while an immense obstacle to progress and an un-

explainable economic error, were tolerated by the mass of

the population. On the morrow, a change became neces-

sary
; without insisting at once upon having macadamized

roads, public opinion called for properly kept roads or, at

least, if it did not manifest itself openly, they whose busi-

ness it is to know public opinion, to listen to it, to interpret

it and, at times, to forestall it and satisfy its just aspira-

Fig. 1. -Montreal=Ouebec
Macadam

tions, did not fail in their duty and, with praiseworthy
foresight, they laid the basis of a regenerative movement
which has not ceased to grow since then.

In a country of such inexhaustible resources and such
prospects for the future as Quebec, earth roads are

destined to become gravel or macadamized roads or roads
treated with bitumen or paved with concrete. This means
that when traffic with vehicles drawn by animals, later

with automobiles
and motor trucks,

becomes greater,
then earth roads
will become insuf-

ficient and will have
to be gradually re-

placed by the sur-

faces just mentioned
or by other equiva-
lent or better ones.

With these facts

in view, the follow-

ing conditions were
imposed on munici-
palities who receiv-

ed grants for road
maintenance from
the government, the

object being to
make the work done
serve for future de-
velopments. These
consist : (a) in low-
ering the hills to a

grade of 6 per loo
feet, or in going

around them
;
(b) in re-making the ditches and giving them

a regular slope of at least 5 inches per 100 feet
; (c)

properly draining damp and low spots
;

(d) straightening

too-sharp bends ; (e) to removing all stones from the road

and removing all rocks where its width is not sufficient

;

(/) properly rounding off the road for a length of one mile,

taking care to not put more than a layer of four or five

inches at a time and to pack it before running the machine
over it again ; {g) replacing the old wooden culverts by
tile, concrete, corrugated iron, etc., ones.

The repairs mentioned do not represent all the per-

manent repairs that could be done, but it was thought
advisable not to overload the programme. The municipal

councils in charge of the work acted on the conditions and
not only fitlfilled them but did more. The)' widened roads

not included in the programme ; improved longer stretches

of road than required, and made various other improve-

Road. Donnacona (Portneuf).

Done in 1915.



THE CANADIAN ENGINEER Volume 30.

mcnis. All this was done al a cost kss than previously,

even thoutrh the various councils had decided to do the

work regardless of the poor slate of financial affairs. This

shows the friendly attitude of the public toward the good

roads movement in the province of Quebec.

Gravelling.—Without overlooking the remarks just

made respecting the gradual substitution of hard surfaces

for earth, it may be said that the gravel road is destined

to render great services. When well made, its surface is

as suitable for automobiles as for vehicles with metal tires

and there is no reason why it should not be used instead

of macadam, especially on account of its comparatively

small cost. Gravel costs about one-third and sometimes

one-fourth the price of macadam. In connection with

gravelling, there are some principal points to be con-

sidered : the distance over which it must be carted and

the quality of the gravel. For a distance of one or even

two miles—if it cannot be done otherwise—carting gravel

is inexpensive, especially when the gravel is of superior

quality. Some gravels possess cohesiveness, require no

rolling nor sprinkling, are compressed by the sole weight

of the traffic (provided it be always followed by running

the double drag over the road), and their use does away

at once with a rather considerable expenditure. On the

gra\el is recommended. Specilicntions are never drawn

up before the gravel is examined in the laboratory. The
engineers also make a study of haulage distances and

organization of labor for thp brnefit of thf muni<ipnlilios.

Fig. 2.—Edward VII. Road, Parish of Napierville.

(Upper) Laying Gravel on Fluxphalte.

(Lower) Finished Road.

other hand, the same gravels have in most instances, a

co-eflficient of hardness lower than that of less earthy

gravels. The latter are harder, but have less cohesiveness

and this defect must be overcome by rolling and sprinkling,

although, properly speaking, the most economical method

and that generally followed calls 'for neither rolling nor

sprinkling. Good gravel which binds well and which lies

at a normal distance should evidently be used in preference

to a harder gravel lying too far from the spot where it is

to be used. Only in the case of bitumen gravelling is it

advisable to use gravel not sufficiently hard, even if found

close by. The principle on which this theory is based is

that it would be unwise to use capital for an improvement

most of which would not be permanent. Although the

gravel surface wears out as the earth one does, and as

also does a stone surface, if the road, when gravelled, is

properly kept, a very considerable portion of the gravel

remains and serves as a foundation, as it were, for fresh

layers of gravel.

Gravel which does not contain more than 20% of

earthy substances cannot be accepted for normal gravel-

ling. In such cases, the use of stone covered with such

Fig. 3.—MontreaUQuebec Road—St. I'auM'Ermite

(L'Assomption). Macadam Done in 1915.

In the course of his report, the Honj M. Tessier

says: "Another thing to be considered in studying the

the most economical methods of construction, is the ex-

traordinary development of our road policy. At an inter-

view which I recently had with the members of a very im-

portant delegation, it was observed to me that the carry-

ing out of that policy had upset everything, had com-
pletely changed the ideas of the rural population, had

done away with all opposition to the new state of things,

we had created ; that we no longer needed to have lectures

given, to carry on a campaign ; that the province now came
to us, begg'ed us to not stop, even asked us to Set aside

the precautions which the present financial situation im-

poses on us. Such dispositions on the ratepayers' part

should not displease us, for we really have wished for such'

mentality, have brought it about and we wish to maintain

and even develop it if necessary. But, as we said at the

beginning of last season, w-e must continue on a reason-

able upward path that is in proportion to the resources of

the province, in accordance with the march of events. At
this moment, our political life, or at least our financial life,

is bound up with the financial life of the whole world.

That means the obligation under which we are placed to-

not arrest the impetus that has been given to seek the more
easily accessible means to meet first needs for a certair>

Fig. 4.—LeviS'Jackman Road—St. Georges (Beauce).

Conveying Gravel with a Traction

Engine and Trucks.

time. We have not failed in it ; after deciding, last spring

to spend a certain amount, we set to work and divided up

that amount in the most rational and equitable manner

possible, .^fter several weeks of arduous labor, we suc-

ceeded in starting work again throughout tin- province
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and, considering the late date at which we began, it will

be seen that, notwithstanding the financial crisis, the many
difficulties due to rectifying- estimates and applying such
rectified estimates, the amount of work done is not only
not less, but is greater, all proportions considered, than
the amount of work previously done. The total length
of roads made with gravel or stone by municipalities last

season was 97.68 miles.

Macadam.—As in 1914, the province was divided into

districts for the purpose of inspecting the macadam in

course of construction. The supervision of such important
and costly work is one of the things whose organization

we have most at heart. We strive to improve it from day
to day and to get the maximum of efficiency from each
inspector.

As is indicated in the instructions issued to inspectors,

they are expected to teach the instructors how to make
macadam and how to handle the road gangs. They are

instructed to see that specifications are followed precisely

as intended. He is a road maker and should work with

the instructor.

Inspections are made in sections of 200 feet, which
are staked out beforehand. Width of road, thickness of

foundation and number of layers of stone are noted.

Drainage facilities are inspected with a view as to whether
the slope of watercourses in culverts and under bridges is

correct.

The important roads which are being macadamized
are: The Montreal-Quebec Road, the Levis-Jackman
Road ; the Sherbrooke-Derby Line Road, the Chambly
Road, King Edward VII. Road, and many smaller roads.

The following figures will show the mileages of roads built

in 1915 and the money expended: 295.60 miles of mac-
adamized roads (municipal and provincial) were made in

the jjrovince under the'direction and with the aid of the
government; 140.70 miles of gravel roads (municipal and
provincial) were made under the direction and with the
aid of the government.

Since 1911, 1,173.10 miles of macadamized roads and
494.57 miles of gravel roads (being 1,667.67 miles of
roads permanently improved) were made in the province
under government control.

Since 191 1, the government of the province has paid
for the maintenance and improvement of earth roads, as
well as for making macadamized and gravel roads and for
the expenses of administration of the Roads Department,
$14,584,681.12.

The following statement of sums spent during the last

20 years by the Quebec government for road improve-
ments shows the astonishing rate at which the good roads
movement has grown in that province:

Year.
.

1895-96 ....$

1896-97 ....

i897'-98

1898-99 ....

1899-00 ....

1900-01 ....

1901-02 ....

1902-03 ....

1903-04

1904-05

There is an excellent demand for magnesite for furnace
lininfirs. In Quebec several properties are being; operated, and
it is to be hoped that the industry will become well established
while the demand is so gfood.

MAKING BOTTOM FOR PILES BEFORE DRIVING.
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EXAMPLES OF CONSTANT ANGLE ARCH DAMS.

IN
The Catuidioii Engineer for March gth, 1916, were

outlined the chief points in the design of the constant
angle arch dam, wherein, it will be remembered, a

considerable saving of masonry may often be effected

The following descriptions by the author, Mr. L. R.
Jorgensen, by whom the design of this type has been
developed, relate to two important installations of this

type. The attention of our readers is called to mention
of these structures by Messrs. A. P. Davis and D. C.
Henry in the article on jMasonry Dams which appeared
in our issue for January 27th.

Lake Spaulding Dam.—This dam is located on the
South Yuba River, near Emigrant Gap, Cal., and is owned
by the P. G. & E. Co. The distance from the Southern

rock was conveyed from under the storage bins to the top
of the mixing house by means of bell conveyers, and from
here distributed into measuring hoppers. The cement was
brought in by a belt conveyer from the storage house and
the mixing of the gravel and cement was done on the
second floor of the mixer house. On the first floor of the
mixing house were four i-yard mixers driven by electric

motors. Stretched across the canyon above the dam were
two cableways each having a span of 1,400 ft. The cables
were 2 in. in diameter with a breaking strength of 170
tons. The operating cabins contained a variable speed
lioist and traversing line, centrally operated by a 112-
h.p. induction motor. These cableways handled all

material except concrete.

The concrete from the mixers was transported to the
dam by gravity in a 30 in. wide by 12 in. high wooden

Contraction Joint. ^ax/mum Cioss Secr/o/v

Fig. 1.—Sections of 225-foot Lake Spaulding Dam.

Pacific Co. 's railroad at Smart to the dam site is only 2.3

miles. Over this distance the company themselves built

a standard gauge track to facilitate the transportation of

material and men. The track terminated at the works
plant elevated somewhere above the crest of the dam.
The works consisted of a compressor house, a mixing
plant, storage bins for crushed rock and gravel, and two
rock crushers. It was possible to place the crushed rock

in the bins or to dump sand and gravel from the cars in

the bins as required. On the hillside below the bins was
located the mixing house, built in four stories. Gravel or

flume, lined with ^-in. thick cast iron plates on the

bottom. This flume had a slope of i : 3 down the hillside

to a nearly vertical cliff at the south abutment. A tower
was constructed below the cliff provided with short

sections of chutes built as baffles, allowing the concrete

to drop to the bottom of the tower, where it was dis-

charged into a number of distributing chutes. When the

crest of the dam had reached the top of the tower the con-

crete could no longer be distributed by gravity flow, and
a series of 30-in. belt conveyers with a slope of 18° was
installed along the top of the dam. The support for these
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conveyers was made of steel and left in place, jets of com-
pressed air swept the belts clean of concrete at points of

discharge. Fifty thousand yards of concrete was handled

in this manner.
The material of which the dam has been built was

subject to much study and experimentation before being

used. There was discovered several sand deposits within

a short distance of the dam, but this sand contained a

certain amount of silt, so that washing would have been
necessary and the amount of sand required could not have
been furnished fast enough to maintain the progress

decided upon. A source of supply in the Bear River, near
Colfax, about 60 miles away, was chosen as the best one
available for the purpose. Here the

material was in the form of gravel and
sand in proportion very close to the

desired mixture. The Lake Spaulding
3am is therefore largely constructed of

the quartz, gravel and sand from the

mixers before being discharged into the gravity flume.

By experimenting, it was found that i)^. minutes was the
minimum time to thoroughly mix a batch, so as to ascer-
tain maximum compressive strength.

Design.— It was first proposed to build a gravity dam,
arched in plan, having an upstream radius 600 ft. long.

Such a structure was started in 1912 and during that yeaf
reached an elevation 28 ft. above the river bed at the up-
stream face and less at the downstream face, as shown
on Fig. I. During the winter the original plans were
changed and the construction of the dam continued the

following summer in accordance with design shown on
Figs. I and 2. At Elev. 4,628 the length of the upstream

radius was changed to 250 ft. and kept at this

length up to Elev. 4,675. Up to this elevation

the canyon is very narrow compared with the

thickness of the arch and the curved beam and
wedge action will therefore predominate over the

arch action. From Elev. 4,675 up to the crest.

Fig. 2.—Lake Spaulding Dam and Tunnel Intakes.

Bear River, with but a small proportion of other gravel

and rock, necessary to mix in at times when the bank run

of the natural gravel deviated the desired proportion.

Throughout the work, samples of green concrete were
taken from the dam after concrete had been deposited,

these samples being obtained at various points in the dam.
Enough samples were taken every day to supply three for

a 7-day test, one for a 28-day test, one for a 60-day, one
for a 90-day and one for a 5-year test. Each day the test

samples, as their time became due, were broken, and very

complete records were made on each to determine the con-

dition of the mix and to make any corrections necessary.

The average minimum crushing strength per square
inch was about as follows : 7-day specimens, 400 lbs. ; 28-

day, 900 lbs. ; 60-day, i,oco lbs. or more. The ultimate

strength should considerably exceed these amounts. The
proportion of the mix generally used for the lower portion

was I part of cement, 2^4 of sand, and 4^ of gravel.

Towards the crest the mix was made richer, about 1:6,
using up to I %^ barrels of cement per cubic yard. A wet
mix was used, which was turned for i '4 minutes in the

the length of the upstream radius increases so as to keep

the subtended central angle as constant as possible, as

shown by the table in Fig. 2. This subtended angle is not

as large as could be desired, but is as great as the site

would permit, considering that the ultimate proposed crest

elevation is to be at Elev. 4,905, and considering that this

type of dam had to be built on top of the other type already

started. The proper place for the new type would have

been about 100 ft. further upstream.

The Lake Spaulding dam is provided with an inspec-

tion tunnel, a drainage system and contraction joints

;

which are usual features in dams of large proportions.

These details are shown plainly in Figs, i and 2. The
section of the arch above Elev. 4,660 is of such dimensions

that it will stand an extension of 35 ft. in height above the

present crest elevation (4,825) without any addition to its

thickness. The maximum arch stress {q in Formula 1,

page 317, The Canadian Engineer) will exist at Elev.

4i775 with the water level at Elev. 4,860, or 260 ft. above

the river bed, and will amount to 23.8 tons. It is fairly
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constant over the greatest portion of the structure, as can

be seen from the table in Fig. 2.

In order to cut down the first cost of the structure the

section was not given the required thickness for the ulti-

mate height of 305 ft., but only the thickness necessary

for a 26c)-ft. dam. So, when the time comes to extend the

crest of the dam to Elev. 4,905, a slab of concrete must

be added to the downstream face, and, in order to effect

a good bond between the present dam and the new slab,

the downstream face of the present dam has been stepped

off and a sufficient number of iron rods (old rails) have

gate house. One intake is to Elev. 4,670 and the other is

located 100 ft. above. The upper intake slopes downwards
about 48" until it meets the lower tunnel, this slope start-

ing a few feet back of the upper butterfly valve. About

1,000 ft. downstream the single pressure tunnel, which is

concrete lined, ends in an adit, and is there provided with

a second butterfly valve and also with two pressure re-

ducers. Later, it is intended to install n 5,000-kw. tur-

bine and to let this act as a pressure reducer by utilizing

whatever head there may be in the reservoir. From this

point the water flows by gravity towards the power house

Fig. 3.

—

Salmon Creek Dam, Near Juneau, Alaska.

been left protruding several feet to grip the new slab and

hold it in place.

The two outlets have their intakes through solid rock

at a point about 50 ft. upstream from the upstream face.

These intakes are covered with a heavy grating of flat

steel bars set on edge, and are the ends of short steel pipes

which extend into tunnels to a gate chamber in each. The
intake pipe tapers from 10 ft. to 6 ft. at the gate. The
gate has a cast steel butterfly valve which is operated

through a lever an'd gear mechanism by either hand-wheel

or 7'/^-h.p. induction motor specially designed for the

purpose. .A.ccess to this chamber is provided through a

tunnel which connects with the inspection tunnel into the

dam, this tunnel being driven through the rock, and by

means of a vertical shaft is brought above the dam to the

below, of which one is built, and four more projected

using the same water.

In the actual design as used (Fig. 2) the writer's arch

theory and the shape of the upstream face suggested in

designs submitted by him, have been followed except near

the foundation, as already explained.

This dam has developed one vertical crack between

each contraction joint, tending to show that, for this case

at least, 80 ft. between each of these joints was too great

a distance. The cracks and the contraction joints close

when the water pressure comes on the structure. _
The

dam, as far as completed, contains 153,00c cu. yds. of

concrete. A saving of 46,000 cu. yds. was brought about

by the new design. The cost, including everything except
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outlet mechanism, was $8.50 per yard. The expected

unit cost for the completed dam is $6.30.

Salmon Creek Dam, Near Juneau, Alaska.—This dam
is built by the Alaska Gastineau Mining Company for

the purpose of storing iS,ooo acre-feet of water. The
catchment area is only 7.5 square miles, but the precipi-

tation is more than 100 inches per annum, giving a run-

off of about 7.3 second-feet per square mile.

Fig. 3 shows the plan and section of this dam, 168

ft. high above the river surface, containing 52,000 cu. yds.

of concrete, having 1.25 barrels of cement and 5 per cent.

of hydrates lime per cubic yard. The unit cost of this

dam, including everything, was very nearly $7.50 per yard.

As can be seen from the contour map, the sides of

the canyon form an unusually regular V, and therefore all

the different arch centres could be located on one common
•ceptreline. The crest width of the dam is approximately

550 ft., measured in a straight line, and the arch at this

elevation subtends an angle of 1 13°. The centres and the

lengths of the upstream radius are shown for various arch

slices 12 ft. apart in elevation, and the unit axial stresses

are given in the table adjacent to the section of the dam
(Fig. 3)- .

To provide better accommodations for the spillway,

the curve for the top 12 ft. of the dam was struck from
the same centre, therefore the warping of the faces com-
mences 12 ft. below the crest, and continues down to the

foundation. The form work for this type of dam is no
more difficult than for an ordinary arch dam, as far as

the carpenter is concerned ; he gets his points about every

10 ft. apart, and it makes no difference to him whether he

builds up the face of a cylinder or an inverted cone (ap-

proximately). The surveyor, however, has to be more
careful than with the layout of an ordinary arch, as, in the

present case, there are more calculations to be made and
to be followed.

From the table on Fig. 3 it can be seen that the

length of the longest upstream radius is 333 ft., and the

length of the shortest 147.5 ft- ''^e ratio between the two

being '^'^'^ = 2.26. Had the length of the upstream
I47-.S

radius been kept constant, the thickness of the dam at the

bottom would have had to be increased 2.26 times for ap-

proximately the same axial stresses. Relative to this, it

should be noted that the arch stresses in the table assume
the arch to take the total load, but in reality the stresses

are somewhat smaller, as the cantilever takes part of the

load. The triangular piece, 10 ft. wide at the bottom, is

not considered in the table giving the arch stresses. This
is added to the lower part of the dam on the downstream
side for the purpose of stiffening the cantilever where it

IS highest.

To have kept the subtended angle constant at 113°

at all elevations would have necessitated a greater ratio

than 2.26 betwean the length of the two upstream radii

already referred to. Had this ratio been increased the

structure would have been overhanging too much in

places, and therefore this increase could not be made.
This simply shows that it is not always possible to make
theory and practice coincide exactly. To have kept the

central angle constant at 113° in this case would have re-

quired greater bottom width of the site. The saving of

this type of dam compared with an ordinary arch dam for

this site was somewhat o\er 20 per cent. The construction

material was gravel from the reservoir bottom in the im-

mediate vicinitv of the dam. This gravel was scraped into

a hopper by means of a drag bucket. From there a 24-in.

belt conveyer elevated the same to a screen, where it was
separated into sand and pebbles in order to be remixed

later into correct proportions. The oversize pebbles were

delivered to a crusher and after crushing, returned to the

screen. Two i8-in. beh conveyers carried the sand and

pebbles respectively to the mixing house located near the

central hoist, .'\fter leaving the mixer the concrete was

hoisted, say, 50 ft. above the dam level and distributed by

gravity through steel chutes to the different parts of the

works. Ordinary good progress was 400 cu. yds. per

day. This dam is provided with two expansion joints

which was deemed sufficient on account of the fairly

slender, and therefore more elastic, body.

The structure has been in use for two seasons and

only one crack has developed, located near the spillway.

Cubes made from the concrete were crushed from time to

time and results obtained were about as follows : 1,100 lbs.

per sq. in. at 28 days, and 1,800 lbs. per sq. in. at 60 days.

This dam was not plastered on the upstream side, and ex-

perience has proven that this is not necessary, either.

HUDSON BAY ROAD

The acting minister of railways, Hon. Dr. Reid,

recently gave the House at Ottawa some information

respecting the Hudson Bay Railway. Up to the end of

last year, the expenditure upon this road, which will be

an everlasting tribute as to what politics can thrust upon

a country, was $15,465,304. The length of the line from

Le Pas to Port Nelson will be 424 miles. As acting

minister of railways. Dr. Reid apparently felt it necessary

to defend the road from its critics. He did it in a way
which makes us believe that away back in Dr. Reid's

innermost thoughts where political considerations are not

allowed to enter, an opinion exists that the road is a

farcical enterprise. He said, among other things, "While

I myself may have had grave doubts as to the feasibility

of this undertaking, yet I have come to the conclusion

. . . that this road will be of value to the country in time

to come." There was no doubt in his mind as to the

navigability of Hudson Bay and Straits "for several

months of the year." "But," he added, "it is true that

during the first season, two vessels were cast away right

at Nelson under circumstances which have never been

satisfactorily explained," and "which have absolutely no

bearing upon the practicability upon the Nelson route."

Dr. Reid even allowed his enthusiasm to say that he

believed for the amount which the road will cost, it will

"in years to come have a military value which will be well

worth while," information which should be of interest to

the minister of militia. "It is not expected, of course,"

said Dr. Reid, "that there will be any great rush during

the first few years after the completion of this road and

harbor." Continuing in the same strain, he says: "It is,

of course, unfortunate that this great expenditure was
commenced only a short time previous to the outbreak

of war."

Dr. Reid's eulogy of the Hudson Bay railroad reads

as if he, an unwilling victim, had been thoroughly in-

structed as to what to tell the House. But he said his

piece very badly. However, what can we do when The
Graingrowers' Guide, for example, says: "The East may
as well understand that the West believes in the Hudson
Bay route and will brook no interference with the scheme."

Experience sometimes has to be bought dearly.

A surveyor in an F.nglish munioipalitv is making in-

vestigation as to the growing of osiers on sewage works.
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THK PROPHR USE OF GRAVITY CHUTES."

Till-: conc-retc gravity plant has had a very rapid

development because of its undoubted economy in

the time and labor cost of distributing concrete and

its practically universal adaptability to all classes

of concrete structures. The straight lift in a tower for

the vertical distance between the mouth of the mixer and

the top of the forms, and then an additional lift of about

I foot for every 3 of horizontal distance between the two

before turning the concrete over to gravity to carry it

across from the tower to the forms, is about as near to

Nature's absolute foot-pound requirement as can well be

devised.

Like any new process which, because of easily ap-

parent advantages, comes rapidly into general use, its use

has outrun the rules of practice which a more conservative

introduction would have established for it, with the result

that every user has made his own rules with little guidance

except his own experience and with as variable a product

as this procedure might suggest. It is well, therefore,

that some thought be given to the statement of some of the

fundamental conditions which must obtain to insure a good

concrete, which is of absolute importance, as well as to

realize the largest ultimate factor of economy in operation,

these two ends being obtained by the same means, the one

depending on the other, the best concrete being the most

economical to handle.

The typical plant consists of a tower with a hoist

bucket which takes the batch of concrete from the mixer,

a receiving hopper with a controllable gate near the top of

the tower into which the batch is dumped from the hoist

bucket, and a series of chutes or troughs which carry the

concrete to the forms. The tower is frequently as high

as 200 feet and the line of chutes may carry the concrete as

far as 500 feet from the tower ; and by using a relay tower
the concrete is placed in the forms at 1,000 feet from the

mixer. The chutes may be connected in a straight con-

tinuous line from the hopper to the forms, or this line may
be interrupted by line gates through which the concrete is

dropped a vertical distance through a closed pipe and then

to the forms ; or by an assembly of horizontal swivel-

connected chutes it may travel in a more or less zigzag
path, dropping from the end of one chute into the swivel
head of the chute below as it proceeds.

The matter of first importance to the successful opera-
tion of the gravity plant, as well as of any method of dis-

tribution, is the condition of the concrete when it is dis-

charged from the mixer. Concrete is in proper condition
for the gravity plant when it has been subjected to the
action of a well-designed mixer long enough to thoroughly
incorporate all of the aggregates, the batch being as-

sembled with the proper amount of water to hold all of the
aggregates in suspension, the resultant mixture being a

viscous, homogeneous mass. .-Vs to how long the batch
should stay in the mixer and as to the amount of water
in percentages which this requires, our interest, so far as
the chutes are concerned, must be confined to resultants
and we must consider these questions as proper subjects
for separate discussion. The concrete should not be so
dry that it will not level off on top as it stands in the
bucket, nor should it be wet enough to show water on top
of the bucket if left standing for an appreciable length of
time, nor to allow a stone to sink much over its thickness
when placed on top of the mass.

Too dry concrete limits unnecessarily the range of

distribution from a tower of a given height by requiring a

*A paper presented before the American Concrete Institute
by W. H. Insley and C. C. Brown of Indianapolis.

steeper chute to carry it. A wet concrete which allows the

heavier aggregates to settle to the bottom will separate in

travel and is to be avoided as one of the unpardonable sins.

By all means let the concrete be too dry rather than too

wet ; but there is the right consistency which avoids both

extremes. Hut these problems are problems of mixing,

however vitally Ihey may affect the economy of the dis-

tributing plant. Properly assembled and well mixed con-

crete will maintain its integrity by whatever method it may
be distributed, and concrete which is too wet will allow

the stone to settle to the bottom of the form and the mortar

will come to the top regardless of the means used to

carry it there, while concrete properly assembled, but too

hastily mixed, will be very much improved by the move-

ment through a line of chutes as against any other method

of transportation. It must be borne in mind, however,

that the gravity plant is a plant for distribution and not

for mixing and that the concrete must be good concrete,

well mixed when it is delivered to the hoist bucket, or it

cannot be expected to be good concrete when the forms

are removed.

If the concrete reaches the chutes as a homogeneous
mass the slope of the chutes is not of vital importance.

That slope is generally the best which will allow the con-

crete to flow with the least velocity which will insure its

passage, although a vertical drop in a closed pipe is a

feature of many installations on important work. Such

vertical lines,- however, should have baffles every few feet

to arrest the drop and the concrete should be distributed

at the bottom by means of a horizontal chute whenever

possible and not directly from the vertical line into the

forms. The required minimum slope to carry the concrete

properly will vary with the character of the aggregates,

the average slope for small, round gravel being i of rise

to 3 of run, or an ^ngle of about 18 degrees with the hori-

zontal ; the slope for i-inch stone, about i to 2 J^, or 20

degrees; for i '^-inch stone, i to 2 i^, or 22 degrees; and

for 2-inch stone, i to 2'^, or 24 degrees with the hori-

zontal. It is better practice on a long line to hang the

chutes with a gradually and very slightly increasing grade

as they travel toward the lower end, such a grading being

less likely to cause an overflow in the chutes than the

reverse. The final distributing section which places the

concrete in the form should retard the concrete to as slow

a movement as will carry it at all.

In the travel through the chutes the concrete should

flow in a constant, uniform stream so far as possible. The

man on the tower at the hopper gate is a very important

member of the operating crew. .\n intermittent rush of

concrete is apt to congest the chutes, causing overflows,

shut-downs, the retaining of concrete in the tower hopper

for an undesirable length of time, and damaged work.

The concrete should be placed by the chute as closely

as possible at the point where it is to rejnain. For floors

and shallow beams the final chute section should be easily

portable with the mouth close to the forms and the con-

crete travelling as slowly as it can be made to run. For

column forms and deep girders the gravity plant provides

a closed, flexible drop pipe with frequent baffles or ar-

resters for placing the concrete in the bottom of the form,

obviating the objectionable practice of dropping it in the

open from the top. If concrete is dropped from the top

of a column form in the open, or even in a closed pipe

without obstruction, the kinetic energy of the stones in

the aggregate will drive them toward the bottom of the

mass, separating them from the mortar; while if frequent

baffles are places in the vertical pipe the mass will retain

its homogeneous character.
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REFUSE REMOVAL AND DISPOSAL IN MOOSE JAW
A DESCRIPTION OF PRACTICE SUITABLE FOR CITIES OF TEN THOUSAND
TO FORTY THOUSAND POPULATION, GIVING TABLES OF COSTS.

By Geo. D. MACKIE, City Engineer.

I z

A CAREFUL record was kept during last year of the

quantity of refuse removed and disposed of, and
the cost of removal and disposal, and these figures

are presented here, not with the idea that the

results achieved are specially good, but rather that they

may form a basis of comparison by engineers of other

cities and towns.

Unfortunately the keeping of records and the collec-

tion of data in connection with this phase of municipal

work has not been

extensively practiced

by engineers, more
especially in Western
cities, and this is no

doubt due to the fact

that during the last

few years the major
portion of a city en-

gineer's time has been

spent in the designing

and carrying out of

new works, rather
than in supervising

and managing the
many utilities which
usually fall within the

sphere of a city en-

gineer's activities.

It is unfortunate,

but none the less true,

that many cities spend
large sums of money
on civic enterprises,

and after these works
have been completed,

councils grudge the

necessary money to

assure that these same
works shall be run
economically, and in

the best interests of

the city. The council

of the city of Moose
Jaw, however, have
not been slow to re-

cognize the fact that

the money spent on
the management of

the various works
under their control is

money well invested.

Prior to March, 1915, the management of the scaveng-

ing department was under the control of the health depart-

ment, but at that time was transferred to the city engineer's

department, and by this transference many economies

have been effected, more especially in the number of teams

employed. The whole work is carried out with the city's

own teams, and prior to the work being taken over by the

city engineer, it occurred time and again that the

health department might be short of teams to carry out
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meat in proportion to the ;unoiint spent by them in

team hire.

Moose Jaw has a built-up area of 4.87 square miles,

and an estimated population of 20,000. All household

refuse is removed weekly, and is separated into two

classes for removal, ^is., (i) garbage, which includes

animal and vegetable wastes, and household rubbish, and

{2) ashes. The garbage is disposed of by burning in the

city refuse destructor, which is situated about 1.33 miles

from the centre of the city. The ashes arc used for filling

up low-lying places in the city. Householders must supply

a covered galvanized can of about 2 cubic feet capacity for

Table 1.—Refuse Removal, 1915.

Garbage Ashes Total

Month. (tons) (tons) (tons)

January 354-17 169.50 523-67

February 296.77 196.50 493-^7
March 28^.15 157-50 441-65

April 406.85 246.00 652.85
May 479-59 '34-25 613.84

June 297.94 201.00 498.94
July 211.08 135-50 344-58
August 237.57 117.00 354-57
September 239.59 136.50 376.09
October 238.73 88.50 327.23
November 231.02 607.50 838.52
December 152-45 430-50 5^2.95

Totals 3,429.91 2,618.25 6,048.16

garbage, which must be placed at the rear end of the lot

for convenience of handling bv the teamsters. The wagons
used in garbage collection are of wood with canvas cover,

and of 3I3 cubic yards capacity. No effort- has been made
to insist on ashes being deposited in cans ; householders
simply deposit these at the rear of their lots, so that they

may be readily collected and removed. Last year the

average number of teams employed removing refuse was
5.9; the largest number used was 9.8 in May, and the

minimum 4.1 in August.

Diagram i shows the monthly variation in per-

centages of garbage removed annually, and Diagram 2

the monthly removal in percentages of the total refuse

removed.

Table 2 gives the quantity of refuse removed and
detailed statement of the expenditure for removal, as well

as the cost per ton.

Table 2.

Quantity of refuse removed

—

Garbage 3,429.91 tons

Ashes 2,618.25 tons

Total 6,048. 16 tons

Cost
Cost of removal— Total cost. per ton.

Teaming $7,217.75 $1,202
Supplies 98-93 0.006
Superintendence 688.65 0.112
Engineer's office expense ... 145.10 0.024
Insurance 100.44 0.016

Totals $8,250.87 $1.36
Less credits 618.25 0.10

Net cost $7,632.62 $1.26

The percentage of garbage removed lo ashes was:

—

Garbage and rubbish 5"-7i percent.

Ashes 43 . 29 per cent.

100.00 per cent.

The cost of removing each class of material was :

—

Cost per

Cost. capita.

Garbage and rubbish $6,017.63 $0.30
Ashes 1,614.99 0.08

$7,632.62 $0.38

The quantity of each class of refuse removed per

capita was :

—

Per capita Per capita

per annum. per day.

Garbage and rubbish 342.98 lbs. 0.94 lbs.

Ashes ' 261.82 lbs. 0.72 lbs.

Total (104.80 lbs. 1 .66 lbs.

Based on the above figures, and assuming six persons

per family, which is a fair average for Moose Jaw, the

quantity of refuse removed per family per .innum was 1.81

tons at a cost of $2.28.

The refuse destructor is of the Heenan and Froude

type, and was erected in 191 2. It has a capacity of 50

tons per day of 24 hours, and in 1913 it was run at full

capacity, but owing to the decrease in population which

occurred in Moose Jaw, in common with all Western
cities, it was only operated 56 per cent, of the total pos-

sible hours of working, and as a consequence, the cost

per ton of incineration was much higher than in 1913-

The total quantity of refuse destroyed was 6,027 tons,

and Table 3 shows the expenditure in detail, together with

the cost per ton.

Table 3.

Total cost. Cost per ton.

Wages $ 7,595 - 88 $1 .
261

Repairs and suppFies 701 .53 0.116

Hauling clinker 519-20 0.086

Light and water 338.80 0.056
Insurance 137.27 0.023

Engineer's office expenses .... 51-74 0.008

Total operating cost $ 9,344.42 Si-55

Depreciation 553.04 0.091

Interest on invested capital ... 2,378.86 0.394

Gross total $12,276.32 $2,035

Less steam sold 454.46 0-073

Net cost for 1915 $11,821 .86 $1 .96

Summing up, these results show the following costs

of refuse removal and disposal for 1915 :

—

Table 4.

Removed or Cost per Cost pec

destroyed Cost. capita family
(tons). per annum, per year.

Refuse removed. . 648.16 $7,632.62 $0.3816 $0,044
" destroyed. .6,027 11,821.86 0.591 0.068

$19,454.48 $0.0726 $0,112

All refuse is weighed at the dcstnirtdr. The weight

of ashes is computed.

A charge of $2 per load is made for the removal of

trade refuse. The city does not remove all manure.

Closely connected with this subject is the question of

night soil removal. All houses in >Toose Jaw not having
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sewer and water services, are required to provide suitable

outside closet accommodation, and the city provides suit-

able pails of I Y-i cubic feet capacity each, at a total cost

to the householder of $3.05. The contents of these pails

are removed weekly. In summer the removal is carried

out at nig:ht, and in winter during the day. The contents

of the pails are discharged into the detritus chamber at

the sewage disposal works, situated i V2 miles from the

centre of the city. After removal of contents, the pails

are steamed with steam from the incinerator, and disin-

fected. Two men are employed at the pail-washing shed,

and in summer four teams are used for carrying out the

work of removal. The contents of the pails are emptied

into an approved swill tank, the dirty pail is taken to the

pail-washing house to be cleaned, and a fresh pail left in

its place. In winter the pails, with contents, are removed

to the disposal works.

Table 5 gives details of last year's operations.

Table 5.

Number of pails removed, cleaned and contents

disposed of 102,497
Average number per week i)97i

Total cost of work $10,429.49
Total cost per pail removed, cleaned, returned

and necessary repairs, etc $0. 10

THE DESIGN OF PASSENGER TERMINALS.*

TREATED WOOD BLOCK FOR FACTORY FLOOR-
ING AND MISCELLANEOUS USES.

Since 1900 there has been a steady and rapid increase

in the use of creosoted wood blocks for paving the streets

of our cities. A more recent development, and one which
promises to become an important source of business to the

manufacturers of these blocks, has been their adoption for

a variety of uses other than street paving, according to

C. H. Teesdale in the current issue of "Wood Preserv-

ing." Those qualities which make the wood block de-

sirable for street work, it seems, should also make it

desirable for flooring where heavy trucking, the moving
of heavy machinery, etc., make the maintenance of floors

a serious problem.

Plants producing the largest quantity of this material,

point out that the wood block flooring problem naturally

divides itself into two classes : (a) Blocks used in very dry
situations, as in factories and warehouses ; (b) those used
in alternately wet and dry, or in wet situations, as in stable

floors, docks, wharves, slaughter houses, etc., where the

blocks are exposed to the weather, to flushing with
water, etc.

The treatment and method of handling the blocks

differs radically in the two cases. The concensus of

opinion is to use a distillate creosote, especially for dry
situations, and a heavier paving oil for wet conditions.

Comparatively light absorptions (from 5 to 8 or 10

lbs. per cubic foot) would prove satisfactory for dry situa-

tions. Heavier absorptions ranging from 8 to 16 lbs. per
cubic foot, are recommended for alternatelv wet and dry
or for wet situations.

Southern yellow pine 3-in. blocks air-dried, are pre-

ferred.

In a large proportion of cases it was reported that

wood block was easy on the feet of the workmen and that

they like to work on it. Noiselessness, ease of repairs,

low upkeep cost, good trucking surface, saving of break-
age in tools and fragile metal parts dropped on the floor,

warmth, and cleanliness and durability were all reported

as advantages of wood block flooring.

By J. L. Biistield, A.M.Can.Soc.C.E.

IT
is only necessary to compare the modern railway

passenger terminal with some of the older types, to

be struck with the great advances made, to the benefit

of both the public and the railway companies. Not
only have conveniences and arrangements been provided

which were undreamt of a few years ago, but the great

element "Safety first" has entered very largely into the

operation of thj trains.

Dealing with the subject from the point of view of

the engineer, one's first impression is that a study of ex-

isting terminals is of little real value in the preparation of

a design for a new terminal owing to the apparent lack of

similarity in all of the important features of the terminals.

A closer and more intimate study, however, reveals the

important fact, that notwithstanding large differences in

shape, size, traffic and local conditions, there is to be

found a remarkable similarity in the general principles

upon which the designs are being carried out in the ter-

minals of to-day. It is proposed to deal mainly with these

general principles in this paper, and although the financial

side of the problem has been purposely omitted, great im-

portance and ultimate bearing on any design must not be

overlooked.

Architecture.—The subject of architecture as applied

to passenger terminals is one on which, no doubt, volumes

could be written, but there are one or two points to which

it may not be inopportune to refer. One of these is the

external design and appearance of the station building

which should naturally express the generally accepted idea

of a railway station, and also, especially in the case of a

large city, have the character of a monumental gateway

and entrance to a great city and great railroad.

."Inother important point is the necessity of co-

operation between engineers, architects and operating of-

ficials. The architect is possibly a little inclined to err on

the side of "a thing of beauty is a joy forever," while the

engineer, on the other hand, is rather apt to be purely

utilitarian in his ideas, and the operating officials are

naturally most concerned in being able to handle the traffic

in and out of the terminal in the most efficient manner. In

order to obtain the best all-round results a thorough co-

operation of the different departments is essential, and in-

stead of turning over the preliminary plans to the archi-

tects, as is frequently done, a thorough study of operating

methods, traffic and engineering problems should first be

made, preferably by a committee representing the various

departments interested.

Still another feature which both architects and en-

gineers should try to remedy, is the long distance the

passenger has to walk between the entrance to the station

and his train. Any effort to reduce this distance to a

minimum will be well repaid. In one of the most modern

terminals in the States, the average passenger walks a

distance approximately 1,000 ft., and although there is

prevalent an idea that the public can be fooled into be-

lieving that once they enter the station portal they are

close to their trains, after a few trains have been missed,

however, it is realized that the station is not quite as con-

venient as might have at first been imagined.

While discussing architecture, mention must be made
of the rather remarkable differences in sizes of waiting

rooms and other facilities, even in terminals which cater

*Abstract from iiaper re.id l)eforc the Canadian Society of

Civil Engineers, March g, 1916.
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to iho same volume and nature of trallic. A study of the

actual figures reveals the fact that the sizes of waiting

rooms vary from 0.1 to 5.0 sq. ft. per passenger using

the station. Apparently, therefore, there is a large amount

of guess work entering into the design of station buildings.

Electric Operation.—The electrification of railways in

terminal zones has done more than any other single cir-

cumstance to alter and improve the conditions existing in

large passenger stations. The abolition of smoke and

steam, together with their resulting dirt, not only im-

proves the whole atmosphere, but also leads to brighter,

cleaner and generally better conditions of all the various

parts of the station. Apart from the improved atmo-

spheric conditions, electric operation has made possible a

type of terminal in which the tracks are entirely imder-

ground, or at any rate, covered over by the station build-

ing or offices. The importance of this possibility is that

large areas of valuable city real estate need not be entirely

Fig. 1.—Plan of Approaches to Washington
Union Station.

devoted to trackage, but can also be used for revenue-

producing purposes, such as offices, hotels, etc. A ter-

minal such as the Grand Central in New York would have

been an impossibility without the use of electric power.

In addition to this feature there are others of equal

importance developed by the use of the electric locomotive.

For example, the greater acceleration of this type of

engine compared with the steam engine results in the

general speeding up of the train and switching move-

ments in the yards, which is a great benefit at any

large traffic centre. It is also often possible to utilize

steeper grades when electric locomotives are used, this

feature again being illustrated in the Grand Central,

New York, where there are grades of 3% leading to the

suburban level. The operation of a terminal with electric

power is also frequently simplified by the fact that only

one type of locomotive is used for all the various move-
ments, whether they are empty drafts, long distance

trains, or only switching services.

Trainsheds.—There has been a marked change in the

standard form of trainshed, the old type of large single-

span roof being more or less obsolete as far as the modern
terminal is concerned. This type had a number of disad-

vantages which are mostly overcome by the improved form

of umbrella shed now used. That this idea is not new,

however, is shown by the following item taken from a

copy of "Engineering News" nearly twenty years ago:

—

"An arrangement to facilitate the ventilation of and

the carrying off of smoke and steam from the interior of

train sheds is proposed by Geo. C. Croker, of Boston. It

is more particularly applicable to low roofs of moderate
span, and consists of a continuous ventilator or chimney
over the middle of each track, and running the whole
length of the track. Whatever may be the desired height

of the ceiling or roof this ventilator extends down nearly

to the top of the smokestack."
The use of this type of shed at the Windsor Street

Station, Montreal, the Central Station, Ottawa, and at

many other important stations, has made it so familiar

that no further description is necessany. Apart from the

abolition of the smoke nuisance they have the advantage
over the large span roof in that they are less costly to

erect, less costly to maintain, and also safer. The condi-

tion of the air which accumulates in the top of the dome-
like structure of the single-span roof has been proved to

shorten the life of the steel very considerably.

Site.—In selecting the site, good judgment has to be

used in order that undue restrictions will not occur, such

as might be caused by streets, valuable properties and

natural conditions. It has often happened that restrictions

of this nature have occurred to such an extent as to be

actually obstructive to the construction of an efficient lay-

out of the tracks and buildings.

Neighboring Conditions.— It is not only the natural

controlling features within the station site that affect the

layout of any terminal, but it is also necessary to make a

complete study of the immediate neighborhood, both with

regard to the railway, and also with regard to the adjoin-

ing part of the city. One feature playing a prominent

part in any design is the elevation of the tracks, in relation

to the natural ground level, as terminals with the ap-

proach tracks either above or below the latter will usually

be of a very different type to those where the tracks are

at grade. Terminals with two or more stories are far

more common than they used to be owing to the fact that

it is often difficult to approach a terminal on the ground
level without having a number of grade crossings, which

to-day will not be countenanced. In some cities, however,

the natural features favor the adoption of a layout with the

tracks level with the adjoining streets, without any grade

crossings, but the two-story terminal has a number of ad-

vantages, such as economy of ground space, facility of

handling baggage at a separate level from the platforms,

and tTie segregation of traffic. The relative location of

the station, the coach yards and engine sheds have an im-

fwrtant bearing on the final layout of the terminal on

account of the switching movements necessary for the

moving of the empty trains. When the coach yards are

located at some distance from the terminal the road engine

usually makes an independent run, while the empties are

handled by yard engines, making it desirable that a means
should be provided for running the engine around the

train, otherwise it will be tied up for a lengthy period in

the platform. As an alternative the train may be pushed

into the trainshed backwards, but this method is not con-

sidered to be good practice if the distance is at all great.

A large number of the movements involved in these forms

of operation arc eliminated in the case where the coach

yard is adjacent to the terminal, and the road engine can

hitch on to its train and back it into the trainshed.
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It should hardly be necessary to mention the desira-

bility of having the station face an important thorough-

fare or public square, but in cases where there is com-

petition between different railways the prominence of a

terminal building is apt to be of vital importance. A little

study of this aspect and perhaps a little expenditure on

real estate will usually be repaid by the improvements ef-

fected. This is a feature which is given considerable

prominence in Europe, as almost every city of any im-

portance has a dignified and spacious approach to its rail-

way station, frequently made into the form of a public

garden. It is not to be expected that railway companies

will go to the entire expense involved in every case, but

it is to the interest of the municipality to see that the ap-

proaches to its "gateway" are worthy of the city, because,

after all is said, the visitor's first and last impressions are

those which, unconsciously, perhaps, will be retained. A
terminal which may be considered a model for a fine loca-

tion with regard to the immediate vicinity and approaches

is the Washington Union Station, illustrated in Fig. i.

This result, however, was largely obtained by the co-

operation of the District of Columbia and the railway

companies interested in the terminal.

Nature and Volume of Traffic.—The size of any pro-

posed terminal is naturally dependent on the volume ot

anticipated traffic. This volume has to be carefully

analyzed, because it is not the volume alone, but the rela-

tive percentages of suburban and main-line passengers,

and also the quantity of mail, baggage and express matter

that determine the necessary size and requirements.

Taking the effect of the predominating kind of passenger

traffic on the station building it will be found that the

commuter requires different and less facilities than the

long-distance passenger. The requirements of the former

are few, his usual idea being to rush through the station

to or from his train in the shortest time possible, although

he may occasionally stop at the bookstall, ticket office,

etc., but not frequently. The latter, on the other hand,

puts in quite a considerable amount of time in the station,

visiting parcel, baggage, waiting and lunch rooms in addi-

tion to the ticket office, so that all these facilities have

to be provided to a greater or less extent depending on the

proportion of this part of the traffic. .'\t stations where
many connections are to be made, it is necessary to pro-

vide for a large number of people in the waiting rooms.

The nature of the traffic not only affects the station

building, but it also has a direct bearing on the size of

the track-layout. The handling of a definite number of

passengers requires less trains if they are commuters than
if they are long-distance travellers, and at the same time

suburban trains can be dealt with at a quicker rate than

long-distance trains, because they can be unloaded quicker

and do not need to be p^aced at their platforms so long

before their schedule time for departure. This fact, how-
ever, is somewhat offset by the heavy "peak" loads that

occur in conjunction with the former class of traffic at the

morning and evening rush hours. In Fig. 2 is shown a

typical hourly distribution of suburban traffic throughout
the day. Main line traffic has its variations principally

with the seasons of the year, and at the same time there

are a number of stations where extraordinary heavy loads

have to be handled for short periods, an example of which
is the inaugural crowds at Washington.

Through the courtesy of officials connected with each

of the terminals mentioned therein, the writer is able to

present in Appendix i, a variety of statistics covering the

operation of a large number of important terminals on this

continent. Bearing out the above statements with regard

to the relationship between suburban and express traffic,

the following averages are taken from this appendix :

—

Long-
distance. Suburban.

Passengers handled per day, per track... 1,141 4.933
Number of trains per track 15.4 29.4
Passengers per train 84 ifx)

Time train is at platform before departure. 27 14
" " " " after arrival ... 16 8

Segregation of Traffic.—On account of the differences,

already mentioned, in the requirements of the commuter
and the express passenger, it is advisable, when they both

reach large proportions, to separate the one from the other

as much as possible. The most notable example where
the segregation of traffic has been carried out with com-
pleteness and success is the Grand Central Terminal of

the New York Central in New York. Local conditions

lent themselves to the consummation of this project be-

cause the property restrictions necessitated building the

tracks on two separate levels, with the result that one level

was retained for suburban and the other for express traffic.

This idea was carried out not only with regard to the

12 1 2 3 4 5 6 7 8 9 10 '11 12 1 2 3 4 5 6 7 8 9 10 II 12 t
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in the elevations of the tracks and the neighboring streets

gave plenty ol available headroom for the construction of

two concourses on separate levels, the lower of these being
kept for inbound passengers entirely.

Platforms.—Before any plans can be commenced with
any degree of detail, standards must be adopted for the
size and general features of the station platforms because
it will be their necessary number and dimensions that will

partly determine the size of the terminal as a whole. The
platform sizes, in turn, will depend not only on the traffic,

but on the methods of handling baggage, and on the

means of approach to the platforms.

'^'"•S^i'jje Handling.—There is no question but that

the most satisfactory way of dealing with this problem is

that of trucking either above or below the track level, and
raising or lowering the trucks, as the case may be, to the
platforms at a point approximately opposite the baggage
cars. In terminals where this system is in vogue baggage
may usually be said to be conspicuous by its absence.

Stairways and Elevators.—In terminals where the

concourse and baggage rooms are above or below the plat-

Fig. :i.—Electric Baggage Truck, for Use on High Platforms.

(Note Rubber Mat of Old Hose Pipe to Protect

Baggage and Flooring.)

form level, stairs and elevators, or as an alternative,

ramps, must be provided, and before any conclusions can

be formed as to the platform widths, a general idea must
be had of the nature and extent of such obstructions to

the clear width of the platforms. In the case of com-
muter tratTic a stairway 20 feet wide is not uncommon, but

is confined to those situations where large crowds have to

be handled in a very short space of time, more particularly

in subway stations than in railroad terminals. Taking the

more general situation where not more than one or two
hundred people per train are provided for, if the traffic on
any one stairway can be confined to one direction only, a

width of 6 ft. is sufficient. It is often necessary, however,
to provide stairways for traffic in both directions, in which
case a width of at least 8 ft. is advisable. Of course the

width is to a large extent controlled bv the rnpiditv with
which it is necessary to clear a platform.

The recognized practice in modern terminal construc-
tion is to eliminate stairways as much as possible by the
substitution of ramps, the slopes of which have to suit

local conditions, but which should not exceed 12 per cent.,

and when space permits 8 to 10 per cent, makes a slope

well favored by the public. Elevators are used for the

transference of both passengers and baggage from plat-

forms to concourse, and vice versa, but for the former
purpose they are generally used in a purely subsidiary

manner, and rarely exceed 5 or 6 ft. in width. Baggage
elevators, on the other hand, have to be sutliciently large

to readily accommodate the largest baggage trucks, some-
times even two at a time, with the result that it is not un-

usual to find an overall width of 8 or 9 ft.

Width of Platform.—When a platform is practically

free from structures and baggage trucking is eliminated a

width of about 16 ft. is found from experience to give

satisfactory results, and in other cases, such as where the

platforms are only occasionally used for local trains, per-

haps, this width can again be reduced. Widths as great

as 30 ft. are sometimes necessary when a heavy and con-

tinuous inbound commuter traffic has to be dealt with ex-

peditiously.

Height of Platforms.—Although platforms level with

the car floors have always been the standard practice in

Great Britain, it is only in recent years that they have
been in use at all on this continent, except on subways or

elevated roads. The Pennsylvania Railroad must be given

the credit for first adopting the high platform in a railway

terminal in America, and their operation proved so suc-

cessful that the example set by this road was immediately

followed by the New York Central Lines, and to-day they

are in extensive use on many of the lines in the East.

The advantages of the liigh platforms may be briefly

stated as follows: (a) Facility and rapidity with which
trains may be loaded or unloaded

;
{b) the prevention of

the public crossing the tracks
;
(c) in stations below street

level, a saving of about 3 ft. in the vertical height to be

travelled by the passengers
;
(d) in some cases they form

a convenient place for the housing of ducts, cables, ele-

vator machinery, signal equipment, etc.

On the other hand, they have certain disadvantages

when used in conjunction with our present system of ter-

minal operation, in addition to that of the additional cost.

The most important factor against their use is that of the

passenger coaches which must be remodelled to serve both
high and low platforms. A second objection to their use

is the difficulty of trucking across the tracks, and a third

is the fact that a special form of baggage truck must be

provided, having its floor as low as possible. These dis-

advantages' are not so serious that they can not be readily

overcome, and the type of baggage truck used by the

Pennsylvania Railroad is shown in Fig. 3. A rubber mat
is provided to protect baggage and floor. A rather more
serious disadvantage which sometimes arises in connec-

tion with the use of the high platform is that if a switch

has to be placed in a track within the limits of the plat-

form, it becomes necessary to put a curve in the line of

the platform edge in order to provide sufficient clearance

for the swing of the ends of coaches using the switch.

This is not only unsightly but also dangerous, because if

a car door happens to stop opposite the curve, an unob-
servant person might readily step into the space left be-

tween the car and the edge of the platform. Similarly,

the outer ends of all platforms are usually curved for a

certain length to conform to the layout of the tracks and
on the outside of the curves the car doors swing out to an
excessive distance from the platform. This is an objection

which is difficult to eliminate unless the station site is of

such ample dimensions that the platforms can all be corn

fined to the straight part of the 1'racks.
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DISCUSSION ON PAPER.

Hugh Valance, architect of the Grand Trunk, was
asked by the chairman to open the discussion. Mr.
Valance expressed his appreciation ot the paper, especially

that part dealing with design of buildings. He stated

that in the early days the passenger station looked just

like a station and nothing else—all stations were more or

less alike. In those days an endeavor was made to work
on models from France. The great difficulty is to get a

proper expression on the umbrella form of train shed. He
said that in architecture it was not so much a case of

exact science but of your own choice in problems of de-

sign. What would be perfectly correct for him might not

suit some other architect. If a man asked an architect to

build a house, he could build it ; but unless the architect

was told his various tastes and requirements the house
would be the expression of the architect's taste and not

the owner's ideas at all. This holds true right through
architectural work as compared to that of the engineer.

Mr. Valance told of many engineering structures which
with a little architectural treatment would have been very

impressive. He spoke particularly about elevators, which
are usually blots on the landscape. He explained that he

intended no criticism for the engineer, as elevators were
engineering problems and were handled from that point

of view without rfegard to appearance.

Regarding terminals he said the question of the length

of concourse was an important one. In the South Ter-
minal at Boston, one has to pass 28 tracks sometimes be-

fore reaching his train. He thought the remarks in con-

nection with two levels were quite to the point.

H. R. Safford, chief engineer of the Grand Trunk
Railway, favorably criticized the paper. He said that for

a great many years the public had not been regarded as

having anything to do with the design of passenger ter-

minals, but the question had been one for the railroads

themselves. It took a long time for the railroads to

understand that the public did express their views in this

respect. However, he said that he could not see why the

public should have anything to say beyond questions re-

garding their personal comfort while in the station. A
passenger station is a non-productive and almost unprofit-

able investment in a broad sense, although sometimes,
owing to competition, a structure of architectural beauty
is necessary. Mr. Safford quoted some interesting figures

in connection with the increase in traffic and use of ter-

minals. He said that in the Illinois Central station in

Chicago traffic had increased 200% in 20 years ; Grand
Central station. New York, 70% in 10 years, and the

Union Station at Toronto, 110% in 25 years. The ques-
tion the financiers of the railroads have to face is for how
long a period of time \yi!l the structure they are about to

build suit the traffic.

Mr. Safford stated that inany advantages were to be
had by building high platforms, chief of which is the re-

duction of liabilitv to personal injury. The only disad-
vantage is that it is difficult to couple trains, but this will

very probably be overcome.
Charles Parker, chief signal engineer of the Grand

Trunk, then entered the discussion with some remarks on
signal systems.

William McNab, in some remarks as to the archi-

tectural features of the paper, said that better stations

would be possible if the public would share in the expense
of building them. The stations should be feature points
of a city. What is wanted in large terminal stations to-

day may be summed up in two features: first of all, the
operative features, and next, comfort to passengers. The
Pennsylvania station is New York was a sample of ex-

travagant concourse area. It took five or six minutes'
walk from the Avenue to the train. He stated that bag-
gage arrangements were better than they had been, but
were still capable of improvement.

S. B. Brown suggested that it would be a good thing
if a paper on freight terminals and a general paper on the
termuial situation were read. It would be of great interest
to the members.

A vote of thanks was tendered .Mr. Busfield lor his
most interesting paper.

LIABILITY OF MILITARY RAILROADS

It has recently been decided in France that railroads,
though operated under military authority, may be held
liable before civil courts for loss and damage claims and
for injuries to passengers. So states W'alter S. Hiatt, the
special European correspondent of Railway Age Gazette.

This decision was given in a test case brought against
the Paris, Lyons & Mediterranean. One of its auto-trucks
struck a street car and slightly injured a woman pas-
senger. She sued the railroad, which denied its liability

on the ground that the act was one of an employee who
was mobilized as a soldier, and further, because the rail-

road itself was being operated under military authority.
Various chambers of commerce, whose members had
been unable to obtain satisfaction regarding complaints
concerning non-delivery of freight, were also interested
in any decision as to the railway's responsibility.

The minister of public works, who supervises the con-
duct of the railroads In times of peace, had issued various
rulings regarding the precedence of military freights over
civil freights, which at the same time sought to secure
prompt handling for the latter, but he had not been able
to establish the question of responsibility where shippers
had a grievance.

Finally, the minister of war has settled the whole
question by stating that the various rulings giving pre-

cedence to military transports would in no wise alter the

common law rights of shippers or injured persons to sue
the railroads through the usual channels of the civil courts
in contradistinction to the military courts established in

various parts of France for the purpose of hearing cases

affecting the public safety.

On the other hand, the ruling has also been made that

railroads are not obliged to permit soldiers detailed to

munitions factories and other such work to travel at the

one-quarter fares established for soldiers both in times of

war and peace. Many thousands of soldiers, competent
as mechanics, have been withdrawn from active military

duty to work in the various government or private

factories turning out munitions of war. The railroads

charged these men full fares and were fairly deluged by
complaints. In every railroad station, and at many street

car stations in France, a complaint book is maintained by
law for the benefit of the public, response to any complaint

being required within one month. These soldiers detailed

to civil duties seem to have made complaints through this

means almost to a man. The dispute was settled in favor

of the railroads on the grounH that the men were being

paid, in addition to the pay of five cents a day as soldiers,

the full wages of the shops in which they were employed.

.•\n underfeed stoker is able to smokelessly burn even
high-volatile coals, because when the volatile is distilled, it

must pass through the hottest part of the fuel bed before
getting out into the furnace. Besides a sufficiently high
temperature, the only other chief requirement for the proper
burning of the volatile is time, just as it takes time for a
cake of ire to melt at summer heat.
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THE MOMENT DIAdRAM AND ITS RELATION
TO THE REINFORCEMENT IN A

CONCRETE BEAM."

a«/i =
Vs

By S. C. Hollister.

I\

the past the design of reinforced concrete beams has

involved some intricate problems relative to the proper

placing of the steel reinforcement in the body of the

beam. Extensive analytical methods have been re-

sorted to, or a series of graphic constructions have been

necessary, to determine the relative position of the com-

ponent parts of the reinforcing material.

In the present paper it is proposed to set forth a

method of placing the reinforcement for both bending

and shearing resistance entirely from the moment dia-

gram. To explain the method it is deemed necessary to

review the principles upon which later operations are

based, after which its application will be made to a

specific design.

Consider a simple beam, uniformly loaded, as in

Fig. I. Let two transverse vertical sections, (1) and (2),

be passed through the beam, at distances .v, and X2 from

the left support. Then from mechanics it may be shown
that

M,— A/, = (.\% — -r,)

WJience

V = M, — M,
(0

in which V equals the average vertical shear on the por-

tion of the beam {xz— Xi) = s.

Or,—The difference in moment between any two
points along a beam is equal to the product of the average
shear over the distance between the fK>ints, and that
distance.

For loads concentrated at points along a beam this
law is not strictly true, unless in each case the concen-
tration occurs at a point midway between the transverse
sections chosen; but in the case of "concentrated" load-
ings by beams cast against the girders in concrete con-
struction, and even by loadings on slabs transmitted
finally to the girder, the concentration may not be sharply
defined, and there is no determinate law of shear varia-
tion over such a region. Moreover, as this discussion
will show later, the distance s is relatively small where
shear is large. Within the limits of actual conditions in
reinforced concrete construction, therefore, the above
statement may be considered very approximate for the
beam loaded with concentrated loads.

From the discussions given in Turneaure and Maurer,
"Principles of Reinforced Concrete Construction," pp.
109 and 223, the amount of tensile stress required of a
vertical stirrup to resist the shear stress is

Vs

~w ^'^

in which V is the average vertical shear over the por-
tion s of the beam. The idea of maximum shear intensity
on a vertical section of the beam is retained in the above
expression.

-Since the tensile strength of the stirrup is relied upon
to carry the above force, when 5 is the space between
adjacent stirrups, the total strength of the stirrup, a. /,
would be equal to eq. (2), or

•Read before the Engineering- Society of the University
of Wisconsin.

from which
V =

id

atftjd
(3)

which is the value of the average vertical shear over the

portion s of the beam, to be resisted by the stirrup, in

terms of the strength of the stirrup and certain dimen-

sions of the beam.
In eq. (i) we have an expression of this average

shear in terms of the change in moment along the por-

tion 5; so that by substituting in the above, we have at

once,

Mi— Af , = oi/i/d (4)

Let it be considered that the portion s be so chosen

that section (i). Fig. (i), lies over the left abutment, at

which point the moment M, is zero. (In continuous

girder design section (1) may be considered as lying at

a point of inflection, since the moment at that place is

Fig. I.

zero.) Let the moment increment from zero to M: be

called Ml. Then from eq. (4),

Mi = a,f,jd (5)

It is to be noted that this moment increment repre-

sents the value of the adopted stirrup to resist the ver-

tical component of diagonal tension over the portion s of

the beam. Again, it should be clear that for any given

stirrup of area as and of fiber stress /s, the moment incre-

ment Ml varies directly with jd, a value dependent upon

the characteristics of the beam ; and that for a given

beam and the given stirrup, the moment increment is a

constant, irrespective of where the region s is chosen

along the beam.
From values given in tests published in "Principles

of Reinforced Concrete Construction," it may be noted

that the safe working shear stresses are about three

times as great in a reinforced concrete beam as when the

beam is not reinforced. We may say, therefore, that the

concrete will be permitted to carry one-third of the shear,

and the remainder will be cared for by the reinforcement.

Eq. (5) then becomes
Ml = 1.5 asfnid (Vertical Stirrups) (6)

If the stirrup is inclined at an angle * to the horizontal,

then,

1 .5 aafajd
Ml

sin *

And when * = 45°

Ml = 2.1 Utftjd (Stirrups inclined 45°) {7)
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Eqs. (6) and (7) are the final working values of the,

resistance offered by a single stirrup in terms of an incre-

ment of moment.
The chart in Fig. 2 is a graph of the above equations

when
J
= }i, a very common value in rectangular beam

design. To use the chart, enter at the left with a given

value of d, the depth of the beam ; follow across hori-

zontally to the line of the adopted stirrup area ; then from

this point move up to the fiber stress assigned to the

stirrup ; and finally passing to the right from this last

point, the value of the moment increment for either ver-

tical or inclined rods may be read.

Let us consider the portion of the beam shown in Fig.

3, loaded in such a manner as to produce the moment
curve 0.\. It is desired to reinforce the portion shown
with vertical stirrups, keeping in mind the principles just

/?rea of 3tirrup, sq.in

OJ 02 a3 04 '

Fig. 2.

laid down. A certain stirrup has been adopted which for

this particular beam gives the value of M\ from eq. (6)

equal to the vertical distance shown in Fig. 3a. The first

increment intercepts the portion Om of the curve : the

second, mn, and so on. Let one of these intercepts, as

'Mn, be projected onto the beam, thereby defining an area

.-VBCr) on the diagram of the beam. From the preceding
discussion this area is the portion of the beam in which
the adopted stirrup will exactly carry the shear. The
length 5 of the portion is seen to vary as the shear varies

along the beam. Since the stirrup is required to carry the

shear for this portion of the beam it will be placed through
the centre of the portion. Likewise, each other portion of

the beam defined by the projection of the intercept of Mi
will have a stirrup placed at its centre.

To eliminate tjie feature of dividing each portion of

the beam, the following method is suggested: Lay off, as

the first value, % M\ (Fig. 3b). Let all other values equal

Ml, as before. These increments have m', n', and so forth,

for points of intersection on the moment curve. Let these

points be projected onto the beam. Each projection will

thus determine the position of the stirrup. This gives very

closely the same results as before, since in this case each
increment has been bisected, rather than bisecting the

projection of the intercept on the curve. However, if the

increment is large, as is sometimes the case with bent-up
bars, it is likely to subtend a portion of great curvature,

in which case the original method is advised. The second
method will be found within practical limits for the spac-
ing of vertical stirrups.

The design of a T-beam will now be followed through
in detail. The span will be taken as 24 ft. between centres

of supports. The thickness of the flange will be assumed
to be limited by a lo-in. floor, and the total depth to ap-

proximately 3 ft. The following working stresses will

govern the design : /b = 16,000 lb/in.'
;

/o = 650 lb/in.';

M = 80 lb/in,' (at the supports 50% excess allowed, or 120
lb/in. ^) •,v = 35 lb/in." for concrete and 105 lb/in." for rein-

forced concrete. Attention is called to the ratio y'l of the

two shear values just given. This is in accordance with
the developments of eqs. (6) and (7). The total load on
the beam will be taken as 4,000 lb/ft.

'i I I
I I

il

n~rH
Fig. 3.

(b)

The maximum moment is found to be 3,460,000 in.

lbs., and the shear at the support, 48,000 lbs. The re-

quired web area is 458 in." or 33 in. deep and 14 in. wide.

From Plate X, Turneaure and Maurer, h = 31 in., and
jd = 29.2 in. At is found to be 7.4 in.* Eight rods i in.

square will be used. The value in moment of one pair of

rods is computed to be 932,000 in. lbs. The arrangement
of the rods in cross-section is shown in Fig. 4c. The
width of the web was changed to 15 in. for clearance be-

tween rods. The length of rod necessary to develop its

tensile strength in bond is 50 in. At the support four

rods are necessary to carry the bond stress.

With the above computations available, the placing

of the steel in the beam may be done. Fig. 4a shows the

bending momient diagram. The resisting moment of each
pair of rods is plotted, resulting in the stepped diagram
along the exterior of the moment curve. The point of

contact of the line with the curve indicates a point of zero

stress in the rods corresponding to the zone immediately
above the point. This pair of rods maj' be bent up at this

point, therefore, since they are no longer needed to resist

moment. It is noted that the four lower rods are required

to continue to the end of the beam without being bent up

;

hence only the upper rods will be bent.

It is proposed to make two arrangements of the steel,

—-one in which the bent-up rods are intended to carry a
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porliiin (if the shear (riglit side of l'"ig. 4/)), and the other

in whicli tlu" stirrups are desijjiied to carry all the shear

(left side of Fig. 4t<). The second case, thai of all shear

lieing carried by the stirrups, will be treated lirst. Since

ii Iiappened tiiat in this T-beam the value of / is Js, it will

l)c permissible to use the chart in Mg. 2. In choosing a

value of o«, the area of the stirrup, a value should be so

chosen that the last useful spacing, projected from the last

full value of A/i at the vertex of the moment curve, does

tot exceed in general ?4d, and never more than d. It is

possible to estimate by inspection a value of Mi that will

give this final spacing. Entering at the right of Fig. 2

with this estimated value, then over to the line of fiber

stress, and next down to the intersection with a horizontal

line from the depth d, gives a tentative value of as which

may be adjusted slightly to meet the commercial dimen-

sions of the steel. With this corrected value of at, and

passing through the chart from the left, a final value of

Ml may be obtained very close to the desired value. The
adopted stirrup is shown in Fig. 4c.

Following the suggestions relative to Fig. 3b, half

of the value of Mi as determined above is first laid off;

then the full value is laid off repeatedly until the vertex of

the moment curve is reached. The intercepts on the

moment curve, when projected onto the beam, determine

the positions of the vertical stirrups.

The numerical value for the ^ in. round stirrup, in

terms of the moment increment, is 300,000 in. lbs. They
develop sullicient bond to cause a tensile stress of 12,500

Ib'in.'; and in addition they are hooked and bent to de-

velop the full stress. .\t the bottom they pass below the

horizontal steel.

In the case where the bent-up rods carry a part of the

shear, investigation as to their strength in shear resistance

must first be made before the point of bending can finally

be fixed. Considering a pair of these rods as an inclined

stirrup, a moment increment may be determined for the

pair from eq. (7). This was found to be 1,960,000 in. lbs.

This value is laid off vertically, as OB, Fig. 4b. The dis-

tance s corresponding to the pair of rods is much greater

than d. The pair is then excessively strong to take the

shear ; and since the spacing given for bending the rods

is also greater than d, the second pair of rods will be

turned up, as shown from the bending diagram, while the

first pair will be bent up at an arbitrary distance jd toward

the centre from the bending point of the second pair. The
arrangement is shown in the right half of Fig. 4b.

/Jrea of Stirrup, sq.in.

Fig.

Point K represents a point midway between the inter-

sections of the two pairs of bent-up rods with the neutral

plane. The projection of K upon the moment curve is P,

thereby determining the chord EP. Point C is the inter-

section of the first bent-up pair with the neutral plane, and

its projection on the moment curve is Q, thus establishing

FQ. EF, therefore, is half of the actual increment

ascribed to the first bent-up pair, on the basis of spacing.

EF is then laid off again, as FG, thus completing the in-

crement EG. The portion of the curve from O to G, there-

fore, is cared for bv the bent-up rods. Since OB is the

permissible value for one pair, it is seen that they are

amply strong to carry the shear, and that their placing

was determined by the approximate maximum spacing.

Beginning with G, the stirrup increments are laid off,

the first being half value, (GH), as previously explained.

The intersections with these and the moment curve deter-

mine the positions of stirrups through the region between

C and the centre of the beam. It is noted that the stirrup
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resulting- from H is past the point of bending up the first

pair of rods. The space to C is too great in the light of

good practice, even though it may be very close to d.

Point H' is therefore set, with GH = GH', and an extra

stirrup placed. Between this stirrup and the support

arbitrary' stirrups are placed at approximately J^d apart,

for the purpose of supporting the bent rods during con-

struction.

The rods turned up are carried 50 in. beyond, to de-

velop the required bond. In addition, they are hooked
at the ends.

The chart in Fig. 5 shows the solution of eqs. (6) and

(7) when / is variable and /s = 16,000 lb/in." A set of

similar charts may be made up, each with a different fiber

stress. Such a set will apply to both rectangular and T-
beams. Fig. 2 applies to nearly all forms of rectangular

beams since 7 varies so slightly ; but it is not applicable

to T-beams except when / is J^, as was the case in the

preceding problem. For T-beams / varies from .82 to .97
and therefore requires a chart that takes this change into

account.

LETTER TO THE EDITOR.

Stresses in Lattice Bars of Channel Columns.

Sir,—In response to your letter of March nth, I

would submit the following notes on the ingenious and
interesting paper "Stresses in Lattice Bars," by Mr.
Pearse, published in The Canadian Engineer of February
24th, IQ16:

(i) If Sc is the stress at which the material will be

crushed, which may be inferred from the three lines at top
of page 274, ,S, will be larger than 16,000 lbs. per square
inch, the base stress used in Equation 3. In Proceedings
of the American Society of Civil Engineers of December,
1915, I find tests showing unit ultimate strength in

columns running as high as 45,000 lbs. per square inch.

It is presumed that the base stress in the columns should
be assumed as the utmost which they can carry, say, from
30,000 to 50,000 lbs. per square inch, for it is at this time
when we are interested in the behavior of the lattice.

{2) In the third paragraph, page 274, it would ap-

pear that the total stress in the more highly stressed

A A
column should be K— , and not 2K— . Note that S, is

2 2

the base stress, when the added stress due to bending is

K and not 2 K. The stress K is added to the stress Sr in

one channel and subtracted from the stress S, in the other.

(3) In Equation t. the quantity in the denomi-
12,000

nator seems to be somewhat arbitrarily selected. In

Merriman's "Mechanics of Materials," dated 1905, I find,

on page 202, for the Rankine formula — ,
—'- and

25,000 25,000

4
given as the constants which meet average results

25,000 "

in fixed, fixed and round, and round end columns. Again,
on page 212, I find for the Ritter formula, which reduces

to the Rankine when one constant replaces a theoretical

, ^ I 1.78
, 4expression, the factors , and .

34,000 34,000 34,000
I

The

Dominion Government Specifications of 1908 use

T T

and
12,000 16,000'

conservative.

9,000

which are, of course, supposed to be

(4) The table gives only one distance apart for each

channel pair, and the r given is that for the stroAg way
of the channel itself. A round end condition is one that

one does not expect to find in practice ; using sines of two
or three times the size used in the table, as indicated at

bottom of first column of page 274, would produce other

results. As to the width of lattice bars chosen, one may
find them a bit large for the smaller sizes of channels ; the

Dominion Government Specifications require a width of

i^ inches for lattice on 6-inch channels, which exceeds

ordinary practice in building work.

(5) Equation 7 predicates a column of, say, 200—
and over; Johnson says the Euler formula applies from

150 — . The results are applied to columns of less than

this length.

(6) Equation 18 does not follow from Equation 17.

In the Engineering News of October 3, 1907, will be

found a solution of lattice bars by Mr. A. M. Meyers. In

the same number is an article of interest by Mr. Pfitchard,

suggesting, inter alia, 3% of axial stress to be taken in

lattice.

Mr. Modjeski states in Engineering Record 68, page

356, that in the new Quebec Bridge lattice take a shear

of 2% of the axial stress.

In the Quebec Bridge Commission report are some
very interesting calculations on lattice theory. If this

report is not at hand, it may be found in part in the En-

gineering Record of April 18, 1908.

I regret that I do not have at hand Bulletin 44 of the

University of Illinois. In the Engineering News of March

16, 191 1, there is, however, a summary of this bulletin.

Here I read that the stresses in lattice bars were very

variable as between different bars ; and the authors, Talbot

and Moore, are quoted as concluding: "It seems futile

to attempt to determine the stresses which may be ex-

pected in column lacing for central loading by analysis

based on theoretical considerations, or on data now
available."

Mr. Pearse's theoretical solution of this annoying

problem is suggestive and very interesting. I fear, how-

ever, that the problem is one of which the complete solu-

tion is not in our possession. The same may be said of

column formulae. We can, of course, make satisfactory

designs, but the perfect theory and the perfect practice

seem still somewhat doubtful.

C. M. GOODRICH,
Designing Engineer, Canadian Bridge Co.

Walkerville, Ont., March 14, 1916.

[In our issue of February 24th we published an article

by William Worth Pearse, city architect of Toronto, deal-

ing with the derivation of theoretical formula for calculat-

ing stresses in lattice bars of columns. The article created

a good deal of interest, and we are pleased to be able to

publish the above letter containing some further notes on

Mr. Pearse's paper, and trust that others of our readers

will be disposed to give our readers the benefit of what

information they have on this most interesting subject.

—

Editor.]

The Siamese Government, to which one would not gener-

ally look for engineering progress, use to a very great extent

reinforced concrete poles, both for street and park lighting

and for electric transmission lines. The concrete pole is not

only more elastic than teakwood, but it is fireproof; it is easily

made and fixed, and is, of course, impervious to the depreda-

tions of the white ant.
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Toronto, Ont.—The villages of Mimico and New
Toronto have applied to the Legislature for authority to

build a joint water supply.

Victoria, B.C.—J. P. Kean, in a paper read before

the Slocan Board of Trade, advocates the establishment of

a zinc refinery in Canada.

Prince Rupert, B.C.—The Grand Trunk Pacific will

inaugurate its steamer service between this port and
Alaskan points on March 30th.

Winnipeg, Man.—Premier Norris will move a resolu-

tion asking the Oominion Government to hasten the con-

struction of the Htuison Bay Railroad.

Vancouver, B.C.—Engineer Hueckel reports that

Norris McDiarmid & Co. are entitled to $6,474 extra for

work done on the Georgia-Harris viaduct.

Carp, Ont.—Engineers of the Hydro-Electric Com-
mission addressed the ratepayers on the question of

cost of installing hydro-electric power here.

London. Ont.—A further request for $39,000 for the

London and Port Stanley electrification has been granted.

This brings the total cost to the ratepayers up to $900,000.

Ottawa, Ont.—In the annual review of the work of
the Department of Railways and Canals a great increase
in mileage and prosperity of the government railroads is

reported.

Calgary, Alta.—City Engineer Craig reports that the
treatment of sewage with chlorine gas would cost $23,300
yearly. It is not expected that the council will adopt the
proposal.

Welland, Ont.—The Canadian Steel Foundries Ltd.,
have started operations at their plant here. The 12-in.
mill is now in operation and the 22-in. mill will be started
very shortly.

Montreal, Que.—The transmission line of the Shaw-
inigan AVater and Power Company has been completed
to Quebec and power is being delivered to the Public
Service Corporation there.

Peterborough, Ont.—It is expected that the Trent
Valley Canal between this city and Lake Ontario will be
opened for navigation this spring. The total cost of this
division will be $7,660,000.

Victoria, B.C.—Work on the new breakwater is pro-
gressing favorably. Divers engaged on the Sir John
Jackson contract are now working on the granite blocks
at the bend of the main arm.

Quebec, Que.—The Quebec Railway, Light, Heat and
Power Company has commenced to construct their own
street cars. The first product of the new industry will
be completed about .April ist.

Ottawa, Ont.—The Town Planning Commission re-
commends that the suggestions made by Andrew Bell,
C.E., in 1901, regarding the prevention of spring floods
on the Rideau River be carried out.

Ottawa, Ont.—Comprehensive plans for the beautifi-
cation, development and re-planning of the Canadian
capitol have been presented to Parliament in the report
of the Federal Town Planning Commission.

Vancouver, B.C.—City Engineer Fellowes has ad-
vised the board of works not to undertake the responsi-
bility of erecting bulkheads in lanes for protecting side

cuts, as it is likely to establish a costly precedent.

Victoria, B.C.—Only eight miles of track remain to

be finished before the completion of the Patricia Bay
branch of the Canadian Northern Railway. Contracts

will soon be awarded for the construction of slips on the

mainland and Vancouver Island.

Ottawa, Ont.—T. J. Stewart, of Hamilton, is moving
to amend the bill of the Ontario Niagara Connecting
Bridge Co. by providing that no construction shall be

undertaken on provincial properly or the lands of the

Niagara Falls Park Commission without the consent of

the Provincial Government.

Vancouver, B.C.—The city engineer has reported to

the council the completion of the contract by the Vulcan
Iron Works for the supply of 14-inch main, and the ex-

pense the city was put to by reason of the construction of

a temporary main to eliminate the damage from the leak

at Essondale. The water committee will be asked to re-

port on the whole question of what claim the city has
against the contractors.

New Westminster, B.C.—Mr. C. C. Worsfold, resi-

dent engineer here for the Dominion Government, who
has returned from Ottawa, states that the sum of $15,000
has been noted in the supplementary estimates for the
work of carrying on the construction of the Fraser River
main channel jetty, the second unit of which is now being
built by the Marsh-Hutton-Powers Co. The supple-

mentary estimates, however, have not yet been before the

House. Under the Le Baron scheme, the north unit, that

now under construction, was designed to be built in three

units. The contract for the second unit was let at a price

in the neighborhood of $400,000. The third, and longest,

will cost probably $500,000, so that the sum put in the

estimates, if voted, will only provide for a portion of the
third unit, probably enough to continue the work through-
out the summer and fall.

FEBRUARY COBALT ORE SHIPMENTS.

The following are the shipments of ore from Cobalt
during February, 1916:

—

Tons.
Beaver Consolidated Mining Company .... 33-73
Buffalo Mines 37.69
Coniagas Mines 84.21

Dominion Reduction Company 220
La Rose Mines 87.08
McKinley-Darragh-Savage Mines 207.85
Mining Corporation of Canada (Cobalt

Lake Mine) 122.41
Mining Corporation of Canada (Townsite

City Mine) S4.68
Nipissing Mining Company 63.52
Penn-Canadian Mines 35-99
Peterson Lake Silver Mine (Seneca Superior

Ore) 105.86
Peterson Lake Silver Mine (Mercer ship-

ment ) 17.21

Timiskaming Mining Company 38.92

Total 1,141.15

New Llskeard—Casey Cobalt Mine 29.5

Porquls Junction—Nickel ore 1,026.5

Co.il ash contains silica, alumina, iron pyrites and other

mineral matter. Depending upon the chemical composition
and physical condition, these cause the ash to fuse more or

less easily. The temperature at which firebrick will melt is

sometimes influenred by the composition of the ash. For in-

stance, a cert.iin ash might melt at 2.600 deg. F. and a certain

firebrick at 2,800 deg. F. ; but together in a furnace both

might melt at 2.500 deg. F.
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HYDRO-ELECTRIC DEVELOPMENT IN ONTARIO.

An announcement of no mean importance was that

made last week by the Honorable G. Howard Ferguson,

Minister of Lands, Forests and Mines for the Province of

Ontario, to the effect that an agreement had been com-
pleted whereby the government takes over the entire busi-

ness and assets of the Electric Power Company, includ-

ing all their subsidiary companies, twenty-two in number.

Under the arrangement by which these companies come
under the jurisdiction of the Hydro-Electric Power Com-
mission of Ontario, it is expected that not only will

Central Ontario be served but North Bay and Xipissing

District will be able to get the advantages of public hydro

development.

It has been said that the strength of any nation can,

to at least a large degree, be measured by the intelligence

shown in the development of its natural resources. Water
power in Ontario as a provider of human necessity is

apparently destined to see great development during the

next few years and the government is apparently deter-

mined that in order to fill the public needs for water power
it is in the interest of the whole community that the water

powers in the province should be developed as rapidly and

as efficiently as possible.

By their very inherent nature, water powers are

monopolistic. There is only one Niagara, and while the

companies, both public and private, that control the power
development possible through Niagara may control the

water power of a large territory, a thousand companies
could build steam power plants in the same territory.

Ontario is essentially the manufacturing province of

the Dominion, and it is fair to assume that there will be
a constantly increasing development of power of all kinds

for industrial purposes. Present-day industrial and eco-

nomic standards have made power a public necessity.

Water power is a supplier of this necessity, and while the

employment of water power is very old, more progress in

its use had been made in the last twenty-five years than

perhaps in all the years that have gone before.

Statistics show that we have coal for many years to

come, but they also show that the economical deposits are

being worked first and as the coal becomes deeper the cost

of production increases very rapidly.

The popular notion is that when a water power is well

constructed it costs so little to run that the power de-

veloped is the cheapest in the world. The facts do not

appear to support this view, but rather disclose the fact

that steam power is, under certain conditions, a very keen
competitor of water power. Steam power is movable,
flexible; water power is inflexible and not portable. Steam
power can be taken to the factory in small or large units

as may be required; on the other hand, the factory must,

to a large extent, be taken to the water power.

Irrespective of the relative value of water power as

against steam f>ower, the fact remains that the announce-
ment recently made by the Ontario Government is far-

reaching in character and is significant in that it indicates

that the government recognizes the importance of seeing

to it that every section of the province is served so far as

^ it is in its power to do so.

By this step It is said that many power developments
will be made possible which have heretofore been held for

a nominal rental, and unrelated as they should be to the
industrial life of the community.

AN INTERESTING REPORT.

In this week's issue we publish an abstract of the
report of the Quebec Roads Department, which was issued
only a few weeks ago. In connection with this report
there is one feature of it that should be specially noticed

;

that is the expedition with which it has been prepared and
placed in the hands of those for whom it is designed. Hon.
J. A. Tessier, Minister of Roads, and his associates are
to be complimented upon the completeness of the report
and the promptness with which it has been issued.

There are some very interesting features in connec-
tion with the report as indicating the very remarkable de-
velopment that has taken place during the last twenty
years in the good roads movement so far as Quebec is

concerned. The table which is printed at the end of the
article in this issue calls attention to the remarkable fact

that whereas in 1895-96 the sum of money expended for

good roads in the Province of Quebec was $30.20, the

amount of money spent in the year 1914-15 was
$6,140,273.13. This statement tells its own story.

PREPAREDNESS FOR INDUSTRIAL
DEVELOPMENT.

A bill" has been brought before the Ontario Legislature

which is to create "The Trades and Labor Branch." By
the establishment of this branch of the Public Works De-
partment now it should be fully organized and ready to

take its place as the representative of labor throughout the

province, and will be in a splendid position to render great
service when the great army of workers return from
Europe. The branch is to be presided over by a superin-

tendent who will have the powers and duties usually

assigned to a deputy head of a department. Officers en-

gaged in the administration of any of the laws relating to

matters assigned to the branch will make their reports to

the superintendent and will carry out instructions as
directed by him.

For the present the branch will have charge of the
administration of The Bureau of Labor .'\ct, The Station-

ary and Hoisting Engines Act, The Building Trades Pro-
tection Act, The Factory, Shop and Office Building Act,

and The Steam Boilers .^ct. Among other things, the
duties of the branch will be to look after the general wel-
fare of the industrial classes.

Another very important duty which will be assigned
to this branch will be to enquire and report as to the
establishment of new industries in Ontario, in any case
where by reason of the production of raw material for

such industry in Ontario, or the immigration of persons
skilled in the particular industry or other circumstances
which make it appear that such industries can be profitably

carried on.
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Along these lines the branch will be in a position to

render a real service to engineers and engineering in-

terests for, with the coming of new industries more work

will be created for the engineer and an increased demand

for technically trained men is bound to follow. This will

relieve the situation which now exists in that a great many
technically trained men have been forced to find new fields

for their endeavor or else fit themselves for some vocation

which is in demand at the present time. New industries

will create a state of affairs which the technician has long

looked forward to—he will be in demand, his status will

be improved and incidentally his services will command a

rate of remuneration more in keeping with the dignity of

his profession. Similar bureaus in other provinces and a

system of interchange of services and privileges would be

in keeping- with the development of the country as a whole

and pnpare us for the great industrial development that

is coming.

PERSONAL.

W. H. FAIRCHILD, of Brantford, has been ap-

pointed city engineer of Gait, Ont.

F. W. EVANS has been appointed manager of the'

Toronto sales branch of the Canadian Fairbanks-Morse
Company.

LORNE THOMPSON, head of the Stores Depart-

ment of the C.N.R., has joined the staff of the munitions

board at Ottawa to look after the transportation end of

the board's business.

THOMAS HENRY, chief engineer of the Interurban

Electric Company, has resigned that position and asso-

ciated himself with the sales department of the Toronto
Electric Light Company.

G. A. MOUNTAIN, chief engineer for the Board of

Railway Commissioners, took part in the discussion at the
monthly meeting of the Toronto Branch of the Canadian
Society of Civil Engineers on March gth.

C. A. BELL, who went overseas with the 2nd Field
Co., Canadian Engineers, has received a commission.
Lieut. Bell is a graduate of S.P.S. and was a mining
engineer at Copper Cliff before enlisting.

J. McCORMICK, for the past nine years connected
with the sales department of Mussens Limited, Montreal,
has resigned, having accepted a similar position in the
machine tool department of the Canadian Fairbanks-Morse
Co., of Montreal.

ERNEST LANE, who has been acting local manager
for the West Kootenay Light and Power Company for
some time, has assumed a similar position at Trail, B.C.,
where the smelting and refining plant of the Consolidated
Mining and Smelting Company is situated.

OBITUARY,
WM. 'SANDERSON, who was a mining engineer at

Cobalt, has been killed in action in France.

The Swedish state rnilways have been making- experiments
with peat as fuel for locomotives. The peat is used in the
powdered or pulverized form, and it is stated that locomotives
usinfr this fuel ran haul as heavy trains and make as good
speed as locomotives using anthracite coal. The railway
directors have decided to undertake the development of this
kind of fuel. Two methods will be followed. Two experts
have been requested to give complete estimates of the cost of
preparing a certain bog and the running expenses with the
respective methods

THE TORONTO HRANCH Ol THE CANADIAN
SOCIETY OE CIVIL ENGINEERS.

The regular monthly meeting of the Toronto Branch

of the Canadian Society of Civil Engineers was held in

the society's rooms at the Engineers' Club, 90 King Street

West, on Thursday, .March 9th. The meeting was de-

voted to the discussion of proposed amendments to the

present by-laws as formulated by the committee appointed

in 1915 to consider this matter. While the attendance

was not what the importance of the subject should war-

rant, a very interesting discussion took place, and many
good suggestions were made. A stenographic report of

this discussion will be available in a short time for mem-
bers wishing to consult it.

PERSONNEL OF COMMITTEES OF TORONTO
BRANCH, CAN. SOC. C.E.

At a recent meeting of the executive committee ol

the Toronto Branch of the Canadian Society of Civil

Engineers, the following members were appointed to the

several working committees named below :

—

Roads and Pavements.—M. A. Stewart (chairman),

S. G. Talman, G. G. Powell, H. S. Van Scoyoc, W.
Huber. Subject—Investigation of sand for concrete high-

way construction.

Steel Bridge Specifications.—.A. H. Harkness (chair-

man), Frank Barber, H. L. Steenbuch, David Molitor,

Thos. Taylor. Subject— Steel highway bridge specifi-

cations.

Sewage Disposal and Sanitation.—A. F. Macallum

(chairman), P. Gillespie, W. Chipman, F. W. Thorold,

J. H. Nevitt. Subject—Report on commercial success of

treating sewage by aeration.

General Clauses for Specifications.—W. Chipman
(chairman), E. W. Oliver, E. L. Cousins, Wm. Cross,

D. Molitor. Subject—To consider last year's report and

suggest modifications if desirable.

Reinforced Concrete.—Peter Gillespie (chairman),

Frank Barber, A. W. Connor.

New Members.—J. R. W. Ambrose (chairman), H.

E. T. Haultain, A. F. Macallum, G. A. McCarthy, J.

H. Curzon.

Legislation Committee.—E. W. Oliver (chairman),

J. G. G. Kerry, H. E. T. Haultain.

Power Plants.—L. M. .'\rkley (chairman), A. A.

Bowman, Peter Bain, E. T. J. Brandon, F. G. Clark, A.

G. Hill, Jas. Milne, A. L. Mudge. Subject—Uniform

steam boiler specifications for the Dominion of Canada.

Hydraulics. ^—N. R. Gibson (chairman), T. H. Hogg,
H. G. Acres, E. C. H. Dowson, C. L. Fellowes, D.

Molitor, Wm. Cross. Subject—To continue work of last

year on a standard specification for cast iron water pipe.

Track.—E. G. Hewson (chairman), A. F. Stewart, A.

L. Hertzberg, F. B. Goedike. Chairman to choose work

to be done by committee.

Library Committee.

—

A. L. Mudge (chairman), -W.

A. Hare, .A. A. Bowman, Frascr F. T^eith.

COMING MEETIIS'GS.

AMERICAN WATERWORKS .ASSOCIATION.—
Thirtv-sixth annual convention to be held in New York

Citv, June 4th to 8th. Secretary. J. M. Diven, 47 State

Street, Trov, N.Y.
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STRACHAN AVENUE BRIDGE, TORONTO
DESCRIPTION OF A BRl [)(.!•: IN WHICH THK DESIGN OF
THE FLOOR SYSTEM PRESENTS SOME NEW FEATCRES.

By E. M. PROCTOR, B.A.Sc.
Structural Designer, Railway and Bridge Section, Department uf Works, City of Toronto.

THE Strachan Avenue bridge is o\er the Grand
Trunk Railway, Toronto-Hamilton line, at the foot

of Strachan Avenue, Toronto. This bridge replaces

an old timber truss bridge which was completely

worn out. Thtre are several points in the design of the

structure which may be of interest.

The bridge is a through plate girder type with a rein-

forced concrete floor and has all members below the floor

encased in concrete.

The abutments are

92 ft. 4'/3 ins. face

to face of back
walls and the bridge

is 57 ft. 6 ins. cen-

tre to centre of

handrails. There are

two roadways 18 ft.

3 ins. curb to curb,

and two 6-ft. (in the

clear) sidewalks.
The girders are 21

ft. 9 ins. centre to

centre. The loading

specifications (Fig.

2) are the Standard
City of Toronto
Class A. Provision

was made in the

steelwork for future

possible street rail-

way traffic, but no

rails were laid.

In a bridge of

this type it is a dif-

ficult matter to obtain anything Isut a plain appearance.

Howe^•er, there are several features which very much im-

prove the appearance and do not add very materially to

the cost of the bridge. The 16-inch panelled facia girder

along the front and the ornamental handrail (Fig. 9) both

help in this respect. Fig. i shows a general view of the

bridge, looking east.

The old timber bridge had head room clearance of

ig ft. T in. and space for four tracks. The new bridge

gives a head room of 22 ft. 6 ins. and space for six tracks.

This increase in height and width necessitated the raising

of the grade on .Strachan .Avenue about 7 ft. at the north

end of the bridge. On account of possible land damages,
it was essential that this elevation of grade (on Strachan
Avenue) should be kept to a minimum. To obtain this, a

suspended floor beam type of floor was decided upon, with

which it was possible to design a floor 2 ft. 3 ins. from
top of paving to underside of floor. This type is only

permissible where the tracks below are definitely located.

The floor beams are placed so as to come centrally between
tracks. This arrangement can be clearly seen in several

of the accompanying views.

Fig. 3 shows clearly the structural details of the

floor beam. The end connection angles rivet to a web
plate which projects

down through the

bottom flange plates

of the girder (Fig.

4), the notch allows

for the outstanding

flange of the girder

and the holes in the

gusset plate con-

nect to a 7" X 3 '2"

X '2" stiftener angle

on the girder. The
stringers bear on

the brackets shown
on the web of the

lloor beam and for

added general stiff-

ness are also con-

nected to the web
with a pair of clip

angles.

The centre girder,

which weighs 36,'/^

tons, is made up of

a web plate 120" 'x

4'8" and flanges as

with four 20" X 11 16"

cover plates on top flange and two 20" x --4" and two
20" X 11/16" cover plates on the bottom flange. The added
section in the bottom flange takes the place of the section

lost by cutting holes in the cover plates for the webs that

carry the floor beams (Fig. 4). The outer girder, which
weighs 26''^ tons, is made up of a web 96 " x i/i" and
flange of two L's 8" x 8" x -V4'" with two iS" x 'i/%'' and
one 18" X yi" cover plates on the top flange and three

18" X i/%" cover plates on the bottom flange.

The girders bear on cast steel bed plates. At the ex-

pansion end the sliding takes place between two phosphor
bronze plates, one inset into the shoe plate and the other

into the bed plate. Fig. 5 shows a view of the top of one
of the bed plates and illustrates how the inset is machined.
.\ groove on each side is first planed across the casting

Fig. 1.

—

General View of Bridge, Looking East.

follows: Two L's 8" x 8" x
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and tlu-ii till' iMstini; is liiriuil on llu ]-)l:uu- aiul the space

between the grooves is planed out.

The phosphor bronze plates were shijjped loose and

were put in place just before the girder was lowered into

position. Some time would be saved in llic lukl it a couple

coals of paint were applied in the lield, the specifications

for their composition being as follows : 220 lbs. of pure

lampblack ground in pure raw linseed oil (the proportion

of lamj black by weight shall be not less than 25 per cent,

nor more than 30 per cent, of tlie mixture); 49 gallons

11.
Ja: i..4-4. /.-.-.Xj-I.—

S/me'^'C ^*t/iK^f t<m^tn^ ^rifMr»» /t /•» emn)

JIL Sl

\^}^-
El] '^

•

Read ffffiUr loaO'n
/Tattai/a^ tiSibf per tfff. /*/ ipam yfi f* foft\ /"•'

/«W
BO ^OOff .

cfF ha/f fAe aA*»e /or fnfrrj af<a trui*es

I SpPOM foA^ pr,

l-ig. 2.—Standard Loading Specification, City of Toronto.

of field countersunk tap screws were put in each plate in

order to hold them in place during erection.

Fig. 6 shows the method used in the erection of the

girders. .A. gallows frame was erected over one of the

tracks and the girders were lifted from the flat cars and

then swung into place. By reason of the fact that it was

impossible to place the gallows frame in the centre of the

span on account of the layout of the railroad tracks, some

means had to be adopted to properly balance the girders

as they were being lifted. For the first girder, two boxes

of steel punchings were used as a counterweight (Fig. 6)

but in the other two girders the locomotive crane was

Mg. 3.—Hoor Beam.

used to keep the balance by' taking a lift on the long end

of the girder. This was foimd to be a much quicker

method. The hoisting power was supplied by a steam

hoisting engine and a locomotive. The erection was
carried out without interrupting traffic on the railroad.

The steel encased in concrete was not painted ; the

other steel was given a shop coat of paint, made up of

25 lbs. pure red lead to one gallon pure boiled oil. Two

CLtARANCE DIAGRAM

Fig. 4.—Detail of Web Splice and Web Hanger Plate.

asphaltum varnish: 15 gallons pure raw linseed oil; 15

gallons turpentine-japan drier. The paint shall weigh S

lbs. 2 oz. per gallon. The various ingredients of the

Fig. 5.

—

Cast Steel Bed Plate, Showing Inset for

Bronze Plate.

asphaltum varnish and turpentine-japan drier were care-

fully specified.

The floor of the bridge is supported on a 7-inch rein-

forced concrete slab. The pavement is 4-inch creosoted

wood block laid on a ^^-inch mortar bed. The slab is

waterproofed as follows : First, the surface of the concrete

slab was thoroughlv cleaned and given a coating of hot
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-Erection Girder.

asphalt ; on this was laid two ply of 8-oz. burlap and then
two ply heavy asphalt felt, each layer being- well swabbed

on with hot asphalt. These fabrics were laid in alternate
layers and in such a manner as to permit the layers to

break joints and be free from folds or pockets. On top
of this was laid a layer of building paper and then i ^/^

inches of asphalt mastic. The building paper was used
in order to avoid injury to the waterproofing by the hot
mastic.

As stated before, all the stringers, floor beams, side-

walk brackets and a portion of the girders are encased in

concrete. Square twisted steel was used as reinforcement
and No. 2-13-15 expanded metal for beam wrapping.
Fig. 7 shows the cross-section of the floor. The hollow
terra-cotta tile shown are used for the purpose of decreas-
ing the dead load on the girders. The load taken off the
centre girder by this means amounts to 7 square inches
of flange section which is quite an item in a heavy girder.

The cost of this tile work, in place, is slightly cheaper
than concrete. The total dead load taken off the bridge
by this means is estimated at 200,000 lbs.

Two factors governed the design of the abutments
;

first, bedrock is 13 feet below base of rail, and second,
the main Garrison Creek storm overflow sew-er runs under
the abutment. This sewer is 12 feet wide outside and

r^

Fig. 7.—Cross-section of Floor

^ —TPh

3'fe' /y

fo'

Fig. 8.—Elevation and Cross=section of North Abutment.
SCCTION A n
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ri-sls nil till' rcH-k. The lype of .ibutnu'iit dfcidcd upon

was a tjravity section restini; upon 30-incli walls al ()-fi.

(>-in. ocntrt's carried down lo roi-k and haxing the main
wall reinforced to carry over the sewer. I*"iij. S shows

the elevation and a cross-section of the nortli aI)utnHnl
;

RKINI ()RCi:i) CONCRETE IN SEWERS*

Fig. 9.—Ornamental Handrailing.

the south abutment being similar. The 2-inch space

around the sewer was filled with well-packed sand. The
reinforcing rods are i ^-g-inch square twisted steel. This

type of abutment proved very economical.

The contract price for the concrete floor, waterproof-

ing, abutments and about 400 lin. ft. of retaining walls

for the north approach was $33,206.38, and for the steel

Fig. 10.—Girders as Delivered Just Before Erection.

work, Si 1 ,040.(19, which makes a total cost of $44,253.07.

These figures do not include cost of paving, lighting and

filling of approaches.

The bridge was designed under the supervision of G.

A. McCarthy, engineer of the railway and bridge section,

Department of Works, City of Toronto. C. J. Townsend
was contractor for the concrete work and the Dominion
Bridge Company had the contract for the steel work.

.^n announcement made hv \V. Rathbnnc Smith, the gen-

eral manag-er of the E.D. and B.C. Railway, states that the

head of steel on the Grande Prairie branch railway is now
:it mile 40. or only 10 miles from Grande Prairie city, thus-

tappinfi- the heart of the Peace River district.

AU)L'T tlie \ear igoo reinforced concrete IkuI Ixen

taken u]) in many fields of construction and api^licd

to l(jng-sp.in arches, and the advantages of its use

in sewer construction were soon appreciated.

During the next five years, many examples of concrete

sewers are found, although with a few exceptions the rein-

forcement consisted of wire mesh or expanded metal and

there was an evident tendency on the part of the majority

of engineers to use rather heavy sections similar to the

plain masonry types. A few examples are also found of

extremely radical designs involving \ery light sections

heavily reinforced. These two extremes suggest the dif-

ference between the sewer engineer adapting his designs

to reinforced work and the concrete expert breaking into

the sewer field. In the last 10 years, all of these ideas

have been through the melting pot, and we are beginning

to find certain standard types of reinforced concrete sewers

used generally. These are the horseshoe type varying in

proportions from the semi-circular to those of about equal

height and width, and the elliptical, usually constructed as

a five-centered arch. Of exceptional advantage under

certain conditions the box or slab section is often em-
ployed, but under average conditions it is less economical

than the other types. The circular sewer is difficult to

construct in what is known as "monolithic" work, that is,

if built in place, but the circular reinforced concrete pipe

developed along other lines has become standard construc-

tion in size up to about 8 feet. It is unit work and may
be considered as a factory product, and for that reason a

much more satisfactory concrete can be secured through

its use than is generally obtained in monolithic work.

In many cases, the shape of the sewer will be con-

trolled by local conditions. In wet ground the invert must

be kept as high as possible and a broad, shallow section

results. For such cases the semi-circular shape is the

most economical, and, in fact, is about the limit of distor-

tion in that direction, as computations show that little

further decrease in 'height can be obtained by adopting a

wider, flat segmental arch. For such extremes where the

semi-circular is not satisfactory, it is possible to design a

box section, and if necessary, a multiple box, though this

latter should always be compared with a similar multipli-

cation of normal arches before being adopted.

Where the sew'er is deep, and in particular, if in rock,

there is usually economy in making the heights of the

section greater than the widths, and if in deep rock cut,

it is possible to use plain concrete sides and a flat arch

abutting on the rock.

Under average conditions the most economical sec-

tion is undoubtedly one approaching nearly to the circle;

that is, having width and height about equal, but on ac-

count of the difficultv of securing satisfactory construction

with, a semi-circular invert, a segmental invert (usually a

45 to 60-degree segment) has been common.

For loads due entirely to earth pressure and for

sewers through fully developed territory where the loading

can be definitely determined, arch sections of the semi-

elliptical or similar types can undoubtedly be used to ad-

vantage, as the concrete can be worked in direct com-

pression for the normal load and reinforcing put in to

allow for unusual conditions. But where the loads can-

not be predicted with reasonable accuracy or where ex-

treme loads of opposite character must be provided for,

there will be little difference between the semi-elliptical

•Extracts from a p.ipcr rend before the .American Concrete Institute by

W. W. Horner, Mngineer Board of I'nblic Service, St. Louis, Mo.
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and semi-circular sections, and there is inidouhtedly a

prejudice in favor of the latter.

The great advantage of the reinforced arch for use in

sewer construction Hes in the economy in material. In

large sizes, S feet or o\er, the reinforced concrete sewer

requires only from 60 to So per cent, as much masonry as

the "gravity" type. .\lso, where the amount of concrete

per foot is sufficient to warrant an efficient plant, the unit

cost of the concrete should be somewhat less than that

of good brick masonry. In addition to the saving in

masonry, there is usually an accompanying difference in

excavation, and in deep work this may be a material con-

sideration. Finally, there may reasonably be a difference

in required size of sewer due to the greater smoothness of

good concrete work, which amounts to between 5 and 10

per cent, reduction in mean diameter.

There can be no question that reinforced concrete is

the natural engineering solution for the problem of large

sewers. If reasonably designed and carefully constructed,

it gives the best and cheapest sewer. In the hands of a

designer not thoroughly familiar with the conditions sur-

rounding sewer construction and maintenance, or of a

contractor not experienced in reinforced concrete work, it

is Ifkely to be a dangerous material and it is a much too

common occurrence that work is handled under just these

conditions. The fact that many of these sewers are built

by contractors whose whole experience has been with

massive masonry, has not tended to add to the safety of

the finished work.

When the excavation is complete, the invert is con-

creted. In rock or in dry ground, this can be done ef-

ficiently, but if water or mud is present, a portion of the

concrete is sure to be unsatisfactory. With very bad

bottoms, it is often necessary to place a raft of extra con-

crete and allow it to set before attempting to place rein-

forcement. If such conditions appear possible, good
practice will provide for this work in both specifications

and estimate and many reasonably provide for underdrains

to relieve the new concrete of damage from water flowing

from the trench ahead. Unless the specifications are to

provide that the work is to be expensively delayed, it

should be noted that there will be quite an amount of

working over and across the new invert while the concrete

is setting and exposed bars left for splicing are likely to

be bent and jarred and their bond value in the invert con-

crete decreased. Also, because of these stub bars, it is

usually impracticable to protect that portion of the invert

from dirt and rubbish. While it is generally the custom
to leave the sides of the' invert rough to furnish a bond
with the arch, it is an open question whether the finishing

of this concrete smooth is not the lesser evil, as it can
then be thoroughly and efficiently cleaned before addi-

tional concrete is laid.

Before the arch forms are set, it is necessary to re-

move cross bracing up to the crown level, and it must be
replaced with verticals bedded in the new invert and cross-

braced above the crown. Even with the most careful

work, this will produce some disturbance with the sides

of the trench and may even allow a bulging of the side

plank enough to protrude within the neat measurements
of the sewer. To widen and rebrace the section from the

surface down may be expensive and hazardous as well as

disorganizmg, and the engineer often faces the problem
of modifying the section instead. Instances can be re-

called where the contractors have even asked permission

to fill the whole trench to the top of the sewer with con-

crete at their own expense, rather than to attempt the

re-excavation, and the construction engineer must be able

to decide whether the deficiency in thickness at the sides

can be compensated in this manner.

Collapsible steel forms are usually favored for tlie

arch, and if kept well cleaned and oiled, produce the best

interior surface, but well-made wooden centres' carefully

planned will result in more satisfactory work. The choice

will usually depend on the contractor's organization and
schedule, as greater progress with one outfit can be
secured if the collapsible forms are used.

I'nder the conditions prevalent in this work, the set-

ting and holding of the arch reinforcement in accurate
position is especially difficult and the importance of ac-

curacy is rarely appreciated by foreman and laborer.

When properly set, the rods are difficult to hold during
concreting, as it is often necessary for the men to stand

on the reinforcing while spading the concrete. The cost

of special chairs or holders for the reinforcement is usiiall\

well warranted.

The placing of the concrete is made especially difficult

because of the double mat of reinforcing bars, which tend

to break up the stream of concrete and to cause a separat-

ing out of the aggregate. The concrete is also likely to

be lowered in quality by an almost unavoidable leakage
of water. The concrete is also contaminated to some ex-

tent by earth and rubbish knocked from the surface into

the forms. There occurs, also, even in the best regulated
work, certain small slips of earth from between the side

planking, and it is possible that portions of the clay or

loam ma)' be churned into the concrete before it can be
cleaned out from the tangle of reinforcement.

In view of the unavoidable construction contingencies

inherent in this class of work, the writer would recommend
to the designer the following prescription :

1. Use the best grade of concrete and considerable

excess of mortar.

2. Do not work concrete at more than 450 poimds,

unless the construction conditions are to be exceptionally

favoraMe.

3. The concrete cover outside of the steel should be

at least 2 inches.

4. Use a minimum thickness of concrete of about 9
inches unless the work is close to the surface, or is to be

built under very favorable conditions, and increase this

minimum and also the cover over the steel if the conditions

are likely to be very unfavorable.

5. Specify the setting of the reinforcement with

especially designed holders. These might be made of

cast iron and left in the concrete. 1

6. If there is any possibility that the trench will be

very wet or mucky, provide for a sub-base of concrete and

provide means of keeping the trench work away from the

work if possible.

7. To secure a concrete that will flow into place with

the least assistance, a specification for 3212 or a 3-minute

mix should be seriously considered, as might also the use

of hydrated lime. This would naturally result also in a

denser and more waterproof concrete and might be a very

considerable factor in prolonging the life ol the rein-

forcement.

8. Provide for a lining of vitrified brick for the invert,

or at least provide an excess internal area to allow for

such a lining at some -later date. This is of niore im-

portance in maintenance than in construction, as under

average conditions it is easier to obtain a reasonably

smooth invert with the brick than to attempt to finish the

concrete itself.

9. .Specify cold weather methods. Concrete can be

placed satisfactorilv and economicallv at even a zero teni-
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pi-iature, if proper precautions arc taken. It should he

noted, lio\vc\cr, that it is quite easy to over-heat the

Itnisheil concrete and to drive out a portion of the water.

In the St. Louis work, it has been customary to heat

the water by turning exhaust steam into the water tank

whenever the temperature goes below 40 degrees or when-

ever there is frost in the materials. In colder weather,

steam coils are used in the sand storage piles and often

in the piles of coarse agsregate. It is also customary in

freezing weather to place salamanders inside the arches

and to hang tarpaulins at each end of the unit constructed.

The top of the sewer has generally been protected by a

covering of tarpaulin or plank, on top of which manure
is piled.

The loads to be considered are: First, direct weight
of the earth filling ; second, horizontal on inclined pressures

induced by the weight of this filling and the adjoining

earth ; third, pressures due to transmitted surface loads.

The relative values of these pressures will depend on
the depth and size of the sewer and on the use to which
the ground surface may be put.

Vertical Loads.— It is always safe and usually reason-
able to design for vertical loads' equal to the full weight
of the superimposed earth. Recent investigations of small
sewers and pipes have shown that, due to some arching
action of the earth itself, the full dead weight is not always
applied to the sewer. The allowable reduction, however,
seems to be of little importance until the depth of the fill

is at least equal to the width of the trench and would onjy
amount to about 25 per cent, when this depth is twice the
width. The work of Marston and .\nderson indicates that
for depths of 10 to 15 times the width, onlv 30 to 40 per
cent, of the Ioa3 is carried by the sewer. For a sewer
more than 8 feet in width, the depth of cover will rarely
exceed twice the trench width, so that the reductions are
hardly worth taking into account. There must also be
reasonable doubt whether the gradual settlement does not
finally increase the weight on the sewers considerably
above the values given.

Horizontal Pressure.—There is so much doubt as to
the correct values of horizontal pressures even for a given
soil condition, and the pressures will vary so greatlv in

the different soils that the designer can only attempt to
make a safe guess at the correct amounts to be used.

-According to Rankin's theory, the intensity of hori-
zontal pressure cannot be less than one-third of the in-
tensity of vertical pressure for a particular depth and in
ordinary clay it is customary to consider it as one-half of
the vertical. For saturated ground, the earth will ap-
proach the condition of a fluid and the horizontal and
vertical pressures would be equal.

Surface Loads.—Where sewers are constructed in

city streets, the heaviest surface load would be the weight
of a road roller, and this might be taken as 15 tons on an
area of 5 square feet, at the surface, distributed down-
ward along an angle of 30 degrees with a vertical. At a
depth of 10 feet this would approximately be equal to 200
pounds per square foot on an area of 11x15 feet, or
roughly equivalent to an additional 2 feet of fill. If there
are railroads crossing the line of the sewer, or if it seems
at all possible that such roads may be built, the sewer
should be designed for locomotive loading in the same
way. A fair value for this loading would be 80 tons on
an area of 10 x 20 feet at the surface. Distributed as
above, this would be equivalent to about 300 pounds per
square foot over an area of 20 x 30 feet, at a lo-foot depth
and would gi\c the same pressure as 3 feet of addi-
tional fill.

For very light covers, these values wt)uld, of course,

be increased, and it might even be reasonable to provide

for impact, but for depths of cover for 6 feet, or more, it

is usually satisfactory to treat such loads as additional

weight of earth and allow them to increase both the

vertical and the horizontal pressures. Allowance for

foundations and for piles of material may be handled in

the same manner.

Combination of Loading.— l-"or final conditions, that

is, after the backfill has reached a state of settled equili-

brium, the sewer will be subject to a direct combination of

horizontal and vertical pressures. It should be noted that

the greatest bending moments in the arch will be due to

vertical loads alone. Horizontal pressures usually induce

moments of the opposite kind. The combination of ver-

tical and horizontal pressures, therefore, while increasing

the direct normal compression in the arch, will give

smaller bending moments than those from the vertical

loads. While the stress in the arch may finally reach the

values derived from a proper combination of the two
classes of forces, yet it is quite common for the sewer to

be subject only to pressure of one kind during the con-

struction period. Examples of this are as follows

:

(a) A trench is excavated through hard clay which
requires little bracing and will stand vertically for some
time. The trench is backfilled with the same material.

Then the full weight of the backfill may act vertically on
the arch for some time before the sides of the trench

finally slip and add also a horizontal pressure.

{b) In the example above, the sides of the trench may
slip in against the sewer before the backfill is placed, pro-

ducing heavy horizontal pressure and bending moments
of reverse character.

(c) A trench through soft ground is held by sheet

piling. When this piling is pulled there may be an ap-

preciable time before the earth at the sides closes in and
fills the void left by the piling. During this time the

vertical loads only will act.

{d) In the above example, if the sheet piling is drawn
before the backfilling is started, the earth at the sides may
move in and produce horizontal pressure with very little

vertical load.

Loads of these kinds will only occur while the arch is

new, possibly before the concrete has attained more than

half of its normal strength. If the design contains a

factor of safety of four for combination of pressures, and
the concrete is onlv 10 or 15 da\s old, the arch would be

about on the point of failure for vertical loads.

It would seem, therefore, that the design should pro-

vide for vertical loads alone, or at least in combination
with a very small horizontal pressure on the arch only

(not against vertical side walls). This loading will be

critical and from it the dimensions of the concrete and one

set of reinforcements will be determined. The arch so

determined should then be designed for horizontal pres-

sure in combination with as little vertical loads as may
seem possible. From this the reverse reinforcement may
be calculated. Finally, it is of interest to compute the

stresses under normal combination of the two.

The simplest case of arch design occurs when the

sewer is built in a rock cut. In this instance, that portion

above the rock may be taken as an arch with fixed ends,

provided that the reinforcement extends well below the

rock level. Where the sewer rests on rock or other in-

compressible material, the arch may still be treated as

fixed, if sufficient mass is given to the invert to resist the

overturning moment in the side walls.
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If the sewer is constructed in soft or compressible

soil, the wiiole section, including the Invert, should be

treated as an elastic bent beam and the loading must in-

clude an upward pressure on the invert equal to the total

vertical load.

A number of methods have been published for the

analysis of the elastic arch. Of these the simplest is that

presented in Green's "Trusses and .\rches." Professor

Green worked out bending moments in the parabolic arch

for unit loads. He also presented constants for the semi-

circular arch. Green's constants for the semi-circular arch

have been extended by Mr. A. E. Lindau (Trans. Am. Soc.

C.E., Volume 51), and put into the same tabular form as

was originally given for the parabolic arch. Green's

analysis is based on a constant ring thickness. It is not

correct for the usual case in which the arch increases in

thickness from crown to springing line and some idea of

the error involved is given in Lindau's paper. Although

inaccurate, this method is very convenient, in that by its

use we are able to calculate moments directly from the

loading without the previous assumption of an arch thick-

ness. For the smaller sewers and not for all purposes and

where the variation in ring thickness is not great, it is

siiflficientlv accurate.

In the writer's practice, this method has been de-

veloped into a set of formulas applicable to the semi-

circular arch. These formulas give the moment at each

lo-degree point in terms of the mean radius of the arch

and of the depth of fill over the crown. In the more im-

portant work, these formulas are used in order to deter-

mine approximate dimensions for an arch which is later

to be analyzed by one of the more accurate methods. .A.s

the accurate methods must be applicable to all shapes of

arches and variations in thickness, it is impossible to

reduce them to any very simple form.

In detailing the arch from the calculated bending
moments, it will usuallv be found advisable to use two full

sets of reinforcement, that is, on the inner and outer face.

If it were known positively that reverse moments could

never occur, for example, if it were impossible in the case
of a semi-circular arch that the horizontal force could
predominate, it would be reasonable to omit a portion of

one set of reinforcement or possiblv to cross one set over
fiom the inner to the outer face, but this generallv cannot
b insured and the full reinforcement should be put in even
if only as an added factor of safety and for the sake of

standardization. Another reason why the arch cannot be
designed too closely is that any particular section, if multi-

plicity of sections is to be avoided, must be designed for

variations of loading over a considerable range.

In the St. Louis work, where a considerable length
of one size sewer and fairlv constant soil conditions occur,

it has been the practice to design a section for each 5 feet

in depth of loading and to detail these sections for soft

ground foundation, for hard bottom and for deep rock cut.

A designer cannot follow too closely the calculated thick-

ness of the arch, as some consideration must be given to

the shape of the outside as well as the inside of the sewer.

For example, if the sewer is to be built in a trench with
vertical sides, it would be found much simpler to make the

outside of the sewer vertical to some point above the

spring point of the arch rather than to carry a small batter

all the way down to the bottom of the sewer. This is be-

cause of the fact that it would cost less to fill in the small

\v;dge-shaped space with concrete than to attempt to

place and remove outside forms in the limited space
available.

There seems to be no uniformity in practice as to the

longitudinal reinforcement. .\ certain amount of steel is

usually required in this direction to properly tie in the

transverse bars and Y^ or J^-inch bars are often used on

about 2-foot sections in both faces. If the sewer is to be

constructed in hot weather and particularly in shallow cut,

it might be advisable to increase the amount of longitu-

dinal steel in order to distribute shrinkage cracks, but

under other conditions this seems hardly necessary as the

range of temperatures in the completed sewer is very

small, probably varying from about 40 degrees F. in

winter to 70 degrees F. in summer, unless steam or hot

wastes are permitted to enter.

RELATION OF SPECIFIC GRAVITY TO
DEGREES BAUME.

The use of the Baume scale is a frequent source of

annoyance as well as convenience to those engaged in

industries in which it is used, more especially in its con-

nection with petroleum products for use in roadwark. The
relation between the two scales has been aptly explained

by H. \V. Bell in "Western Engineering," who says that

a natural and common mistake due to the use of Baum^
scale is in the mixing of different gravities of oil to obtain

a product of certain gravity on the assumption that the

Baume scale is a direct measure of specific gravity. To
illustrate: We have 10,000 bbl. of 16° Baume oil and

wish to know the amount of 25° Baume oil necessary to

add to bring the product up to 20'' Baume. The method

of solving by proportion, without converting Baumd to

specific gravity easily suggests itself, and the result w-ould

be as follows: 10,000 (16) + 25.A = 20 (-A. + 10,000), and

A = 8,000, the apparent amount to be added. But Baume
gravity is not a direct measure of specific gravity, and

specific gravitv = ^r

—

^—, -.—
. The general

130 + Baume gravity

form of equation would be As Gs + Aa Ga = Gi (.\s 4- Aa),

where As is amount of oil at the start; Aa is amount to

be added ; Gs is specific gravity of .\s ; Ga is specific gravity

of Aa; and Gi is specific gravity of mixture. Further, let

Bs, Ba and Bi be the Baume gravities of the oil to start,

oil added, and the mixture, respecti\ely ; and putting in

terms of Baume,
140 .\s 140 Aa 140 (As + -Aa-)

130 -^ Bs 130 Ba Bx

Solving, Ai
As (Bs - Bs) (130 -T- Ba)

(Ba-Bx) (130 4- Bs)

Using this formula and solving the given problem,

the amount to be added is 8,493 instead of 8,000 bbl. If

only 8,000 were added the theoretical gravity would be

19.86°, and it might easily result in refusal of purchaser

to accept the shipment as 20° oil.

In the consideration of the effect of water content

upon gravities, we know that they are lowered unless the

gravity of the pure oil is 10° or less. To show the effect

of water on specific gravity of oil mixture we can write

the equation Go (100 - P) + P = 100 Gm and Go =
100 Gm - P

, ^ . .<- c -1 r- „
, where Go is specific gravitv 01 pure oil, Um is

100 - P
specific gravity of mixture, and P is the percentage of

water. Substituting Baume degrees for specific gravity

and letting Bo and Bm equal the Baume gravities of pure

oil and the mixture, respectively, the result is

14,000

140 130+ Bn
- p

Solving, Bo

130+ Bo 100 - P '

14,000 Bm - TO P (130 -f Bra)

14,000 - P (130 + Bm)
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.MOlU: ABOUT THi: INFILTRATION GALLERY.

Till. Kl\ hiis In-cii oonsitirr.iljlc lOiiiiiKMit in llu-

Irchniral press recent I v on the suljjecl dI water
supply by inlillration t;alleries. In this connection
we are pleased to reprint some observations on this

subject Tnade by Alexander I'oltei, ol New York, taken
from a discussion printed in the Journal of the New ling-

land Waterworks Association for December, 1915. In the
course of this discussion Mr. Potter states that the pro-

curing of water supplies by means of infiltration galleries

is not common. Even where the use of infiltration gal-

leries promises to yield good results, engineers often

hesitate to make u.se of them because of the many fail-

ures recorded, the causes for which either are not under-
stood, or when understood have not been brought to the

attention of the engineering profession.

The proper design of an infiltration gallery should
not be at all dillicult, for the process which takes place
in an infiltration gallery is duplicated in nature by the

diffused seepage of the underground waters into surface

streams. The fundamental laws governing the ground-
water flow of surface streams are fairly well understood,
and apply with slight modifi(-ations to infiltration galleries.

They may be staled as follows:

—

1. The ground-water stream flow is lixed and lim-
ited to the surplus underground waters accumulating and
stored in the valley.

2. The rate of seepage varies with the transverse
hydraulic slope of the ground-water table and the porosity
of the material through which the ground water flows.

3. \\ hen the hydraulic slope is not steep enough
to discharge the surplus ground waters as fast as they
collect in the valley, the ground-water table rises until

equilibrium is established, and vice versa if opposite con-
ditions exist.

4. Except as affected by the seasonal changes of
the rising and lowering of the ground-water level, the
ground-water stream flow is constant.

There is no reason why the seepage .of ground water
into an infiltration gallery under proper conditions should
not be equally as dependable as the identical natural
process of ground-water seepage into surface streams.

.^n infiltration gallery may derive its supply of water
from two distinct sources : .\ supply derived by inter-
cepting the surface underground waters which were
under natural conditions joining the surface waters by
diffused seepage, and a supply derived by infiltration

trom bodies of surface waters adjacent to the infiltration

gallery. A carefully made scientific investigation will in

nearly every case reveal within quite narrow limits the
quantity of water available for an infiltration gallery
from the two sources above mentioned, and as long as
the draft does not exceed the available supply there is

no reason why the yield of a properly designed infiltration

gallery should gradually decrease with time, as is only
too often the case. The recorded failures of infiltration

galleries can, in the writer's ojiinion, be largely attributed
to the erroneous assumption that a pipe laid below water
level with open joints or perforations and surrounded bv
a porous material will continue to deliver the volume of
flow developed when first constructed, ignoring entirely

the fundamental law of supply and demand.

This is not true with infiltration galleries constructed
on the floor of an impervious strata intercepting the
transverse gr6und-water flow in a pervious strata of

coarse sand immediately above. Under such conditions
infiltration, galleries have been vorv successful.

I'nder conditions other than that just stated, and
whore the supply appears to be adequate, there is often
noted a gradual breaking down of the infiltration gallery,

apparently due to the silting up of the filter media imme-
diately surrounding the gallery. Un<ier the natural con-
ditions of ground-water seepage into surface streams no
such silting appears to take place, and when such silting

up occurs in connection with an infiltration gallcrv it can
only be due to the peculiar ground-w;iter conditions set

up by construction of the gallery. Mr. Potter believes

that the silting phenomena are primarily due to the high
velocities of the ground water through the filter media
immediately adjacent to the gallery, velocities so great

that the finer particles of soil are transported to the

gallery, gradually clogging the interstices in the filtering

media and the gallerv proper. This phenomenon of

clogging is aggr.ivated by the lowering of the ground-

,
water level in the vicinity of the filter gallery below the

top of the gallery. For a definite yield, as the wetted
perimeter of the gallery decreases, the entrance velocity

increases in inverse proportion. To attempt, therefore,

to force an infiltration gallery to the extent of lowering

the ground-water table below the top of the gallery, will

tend to increase the danger from clogging and materi.-illy

shorten the life of the infiltration gallery, especially vvhen

constructed in the finer sands.

With tubular wells, the question of high entrance

velocity in the filtering media surrounding the well screen

is not of equal importance ; wells are comparatively short-

lived, and when clogging does occur it can be remedied by

back-flushing or other known methods. No such remedies

are available for clogged infiltration galleries. When
properly designed so that the yield of the gallery does not

exceed the supply available from the surplus underground
waters and the supplv derived by infiltration from a nearby

body of surface water, and the entrance velocities are

sulficiently low so as not to transport the finest soil

particle, the useful life of the infiltration gallery should

be practically unlimited.

The yield from an infiltration gallery constructed in

the finer sands should be automatically controlled so that

it cannot exceed a certain predetermined amount, in order

to prevent the lowering of the ground-water plane below
the top of the gallerv, so as to keep the entrance velocities

within safe limits. This condition can best be secured by

restricting the flow from the gallery to an amount which
will keep the gallery constantly full of water for its entire

length.

In many cases the requirements as outlined herein will

for a given yield call for the construction of much longer

lines of infiltration galleries, constructed in finer sands

than has been the practice in the past, so that in many
instances other methods of supply will be found to be

more economical. Throughout the countrv', however, de-

posits of gravel and sand exist in the valleys of rivers and
along lakes and seacoasts, in which infiltration galleries

can be economically constructed to yield adequate supplies

either from the surplus underground waters or from the

water derived bv infiltration from adjacent natural and
artificial bodies of water, or from both sources.

In tropical countries, where there exists so strong a

prejudice against the use of stored surface water for a

public water supply, due to the deterioration resulting

from the luxuriant vegetable growth abounding in such

waters, the use of an infiltration gallery is often advisable.

The natural purification which takes place in the water

while passing from the surface reservoir to the infiltration

gallery has been found to be effective.
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CREOSOTE WOOD BLOCK PAVEMENTS."

By Andrew F. Macalium, B.A.Sc, C.E.

FOR a number of years untreated wood block pave-

ments were laid in this country and the United States,

and after repeated failures attention was direc-ted to

the use of preservatives. The first experiments made
simply placed thoroughly dried blocks in a bath of creosote

healed to a temperature of about 210° F. until about three

pounds per cubic foot of creosote had been absorbed.

While these pavements were fairly successful, it was
soon realized that the best results could not be secured by
dipping the blocks, and the blocks vi-ere then treated with

creosote under pressure until they absorbed from ten to

twelve pounds of oil per cubic foot. Such a pavement laid

in Indianapolis in iSg8 gave such good results that city

engineers began to appreciate the possibilities of treated

wooden blocks and better results were obtained.

On Tremont Street, in Boston, a wood block pave-

ment treated with creo-resinate process composed of one-

half creosote oil and one-half resin, was laid in 1898. The
writer saw this pavement about a year ago and it was still

in good condition after sixteen years of heavy traffic.

A small piece of similarly treated wood block was
laid on the west side of Yonge Street, Toronto, at Front
Street, opposite the head office of the Bank of Montreal
in 1S96, and was still in good condition when taken up for

a new pavement about two years ago. The writer also

examined such pavements in New York on Church and
AVarren Streets after they had been in use for nine years

under the heaviest kind of traffic and they were still in

good condition. In the city of Hamilton probably more
treated wood block pavements have been laid than in any
other city in Canada and the first pavements laid in 1909
are as good as when laid, and although subjected to the

heaviest traffic in that manufacturing city have not, to

date, cost a cent for maintenance.

These examples which I have mentioned are but a

few of the numerous examples showing permanence and
suitability of this form of pavement for streets carrying
heavy fraffic.

I may also say that it has also been laid on residen-
tial streets where the residents assume its greater cost to

asphalt for the added comfort through its quietness under
traffic.

The wood principally used has been long-leaf (yellow)

southern pine, which, from experience, has been found to

give excellent results. Most specifications now, however,
admit Norway pine and tamarac as a result of experimental
pavements laid in Minneapolis, which showed the suita-

bility of these woods. No doubt other species of wood
make satisfactory pavements, but on account of the in-

complete knowledge of their value as paving blocks, citv

engineers, as a rule, prefer a wood that has proved
satisfactory. .

The blocks are from three to four inches wide and
vary in depth from 3 to 4^-2 inches, with a length of from
5 to 10 inches. The depth of blocks should not vary more
than 1/16 of an inch for a given size. As for all timber
specifications, the blocks should be sound, free from large
or loose knots, shakes, worm holes and other similar
defects.

The annual rings are usually specified as to average
not less than six to the inch and the blocks to average
80% of heart wood or one block not to have less than 50%
heart wood.

*.A paper read .it the 3rd Canadi.m and International
Good Roads Congress.

The preservative used is usually a pure coal tar pro-
duct free from petroleum oil or its products having a
specific gravity of i.io. Water gas tars have not proven
satisfactory and should not be used.

The writer has been corresponding with a number of
city engineers with a view of obtaining opinions as to the
most satisfactory amount of treatment required per cubic
foot of block according to the experience of each city, and
in replies from twenty cities in the United States, has
ascertained that six of these cities use 16 pounds, two of

them 18 pounds, and twelve of them 20 pounds, depending
to some extent on local conditions.

The percentage of treatment will vary with the block
as the denser and heavier the block the smaller is the
quality of oil which it absorbs. The sapwood will absorb
a large percentage of the oil, but if the block has not had
the moisture first removed from the sapwood the oil will

not be able to penetrate. Thus it is invariably found that

a block which fails does so in the sapwood and the cause
is insufficient amount of oil or poor penetration of the

sapwood.

Laying the Pavement.—The base for wood block
pavements should be of concrete from five to six inches

deep, having the crown parallel to the finished crown on
the blocks. An uneven or irregular base is detrimental to

any pavement as it is liable to cause a depression in the

surface to hold water which the repeated impacts of wagon
wheels is certain to increase, giving an uneven surface.

Upon this concrete base is placed either a sand or mortar

cushion, usually one inch deep with its surface struck by

templates to a surface parallel to the contour of the finished

pavement. Where sand is used the sand is such that it

will all pass through a '{(-inch screen, besides being clean.

If a mortar cushion be used, some engineers use a propor-

tion of one of cement to three of clean sand, to which suf-

ficient water is added to insure the proper setting of the

cement, while other engineers obtain good results by

mixing and placing the cement and sand dry. This

cushion is simplv a means of securing a uniform surface

for the blocks to rest upon and distribute the load. .Along-

side or between street car tracks, however, or on grades,

sand cushions are apt to become uneven or flow, caused by

the vibration of the rails or by water getting in alongside

the rails, so that under these circumstances a concrete

cushion should be used. Away from the car tracks the

question of whether a sand or mortar cushion should be

used is a matter of opinion. Sand gives a better cushion-

ing effect and the blocks do not have to be rolled so soon

after laying as when a mortar cushion is used, but the

present tendency seems to favor a mortar cushion.

European practice does away with this cushion alto-

gether, but the concrete base is finished off as smooth as

a concrete sidewalk and to the exact contour of the surface

of the pavement. This extra care and workmanship ob-

tains results that are excellent in as much as the finished

surface of the blocks have no depressions and consequently

the wheels cause no impacts.

In most cities it is not possible to lay the blocks

shortly after coming out of the treating plant and the hot

sun and wind during shipment and before laying is apt to

check the blocks and cause oil to exude. The blocks

should be piled closelv when delivered on the street and
sprinkled or dipped in water before laying.

Generally the blocks are laid at right angles with the

curbs with an expansion joint at each curb of from three-

quarters to an inch and a half, according to the width of

the pavement. Alongside the curbs three rows of block

are laid parallel to the curbs with the expansion joint next

to the curb. Placing a longitudinal row of blocks with an
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expansion joint on each side is sometimes done, but is not

good practice, as the single row of blocks between the

joints will almost certainly rise up about the level of the

adjoining pavement as the joints close up. Cross ex-

pansion joints have been used also by the writer when the

treated block used had been piled on a street for several

months, but for fresh Blocks properly treated they are not

necessary on streets of heavy trafiic. On streets of light

iraffic, however, there should be cross expansion joints

placed from 30 to 50 feet apart and having a width of

about three-quarters of an inch. It is hardly necessary to

say that the blocks should be laid with the grain vertical

and having Ihe joints in adjacent rows, broken by a lap

of about two inches. The blocks should be laid neither

too loose nor too tight, so that a block can be raised with-

out disturbing the surrounding blocks, or one-eighth of

an inch apart.

After the pavement is laid it should be rolled thor-

oughly with a roller varying from three to five tons until

a perfect surface has been secured with no depressions and
the blocks firmly in place. There should be no dilliculty in

this, as the usual specification for blocks allows of a varia-

tion of but one-sixteenth of an inch in depth so that if the

foundation and cushion have been properly laid there is

usually very little trouble about depth of the blocks.

Alongside street railway tracks and about manholes,

special care should be taken in laying the blocks. It is

usual in such cases to thicken the cushion so that the

blocks shall be about one-quarter of an inch above the

wearing surface of the rail or cover, and in a very short

time the traffic will rub these blocks down to the level of

the rail. Alongside rails to prevent water flowing down
and under the blocks two methods are used : one is to

place specially cut creosoted plank under the rail head to

give a vertical surface against which the blocks are paved
and the second and usual method is to plaster the web
with a rich mixture of sand and cement to the width of

the rail head and the blocks are then laid against this.

As with other pavements, it has been found that the girder

lip rail is more satisfactory than the ordinary T-rail, un-
fortunately in use in most towns, for the permanence of

the block on the inside or gauge side of the rail. Inci-

dentally, it may be said that no pavement will be satis-

factory alongside a street railway track if the rails lack
sufficient weight, stiffness and foundation to prevent
movement, especially at the joints.

There is diversity of opinion among engineers as to

the best joint filler to be used. The American Society of

Municipal Improvements, of which the writer has the
honor of being president, recommend a suitable bituminous
filler when the blocks are laid upon a sand cushion and a
sand filler when laid on a mortar cushion. It is claimed
for the bituminous filler, which fills the joints between the

blocks two-thirds their depth (the remaining depth filled

with sand) that it makes an absolutely waterproof pave-
ment, and that it eliminates all expansion difficulties as
such block is surrounded with an individual expansion
joint. Unless the filler is a suitable asphaltic cement with
a high melting point and low penetration, there is apt to

be a sticky surplus left on the surface. This filler will cost
about 15 cents per square yard more than a sand filler.

A cement grout filler has been used, but unless the
traflfic can be kept off the pavement for at least 10 days
it is little better than a sand filler.

The sand filler is generally used on streets of heavy
traffic; the sand being coarse and sharp-grained, and pre-
ferably heated before placing. The writer has used with
excellent results a bituminous filler between and one foot

outside of street railway tracks and a sand filler to the

curb where three rows are again treated vvilh a bituminous

filler. From results obtained he does not consider the

extra expense in using bituminous filler justified for such

streets unless the traffic be very light. On bridge floors

it is better practice to use a bituminous filler with the

blocks. After the pavement is rolled, sand to the depth of

about a quarter of an inch is spread over the surface and

the street is thrown open to traffic.

This method of construction is satisfa'ctory up to a

3 per cent, grade, beyond which the blocks are laid in a

different manner. The crown should be as light as pos-

sible, being just sufficient to shed the water freely, which

applies also to the pavements between street railway

tracks.

When the grade of a proposed pavement exceeds 3
per cent, the question of a suitable pavement, and the

method to be adopted in laying it, to meet the require-

ments of the traffic, becomes of interest. With the varia-

bility of conditions to be met with due to our climatic

changes the limits of most paving material is soon reached,

so far as the inclination of grade is concerned, unless

specially manufactured.

The writer inquired from twenty-four citfes to ascer-

tain the maximum grades upon which creosoted wood
block had been laid and found that one city had laid this

pavement on a 7 per cent, grade, one on 6 per cent., three

on 5 per cent., and five on 3 per cent, grades. The 5 to

7 per cent, pavements were laid under two methods, de-

scribed below.

The first method used was probably originated in this

city and was used on upper James Street with the block

pavement laid there in 1909 on a 5^/3 per cent, grade.

Each block had a piece one-half inch in width and one-half

inch in depth, cut off one face so that when the blocks

were laid at. right angles to the centre line of the street

there was a space of a half inch between each row of

blocks, giving a good foothold for the horse-drawn traffic.

These blocks were pitch filled and the cross grade of the

street was sufficient to drain out any water.

The same method was adopted on King Street West
in this city, during the same year, and I may say that both

of these pavements have been very successful in iTieeting

the conditions of heavy traffic on two of our main streets

without a cent being spent for repairs or renewals smce
being laid.

The special cutting of the blocks in the manner de-

scribed added considerably to the cost of the pavement,

and to obviate this the ordinary rectangular block was used

with creosoted laths ^ in. x 2 ins. laid between each cross

row of blocks. This was pitch filled, as in the first method,

and has been just as successful, being to-day in first-class

condition, although subjected to fairly heavy traffic for

four years.

On Ravenscllffe Avenue, a purely residential street,

having a 6 per cent, grade, blocks spaced in this manner
were laid. The reason for putting such a pavement on a

street like this, having very little traffic, 'was that the resi-

dents insisted on a creosoted wooden block pavement be-

cause of its quietness as compared with other pavements
suitable for such a grade, and it has fulfilled expectations.

One of the criticisms made of treated wood block

pavements is that it is slippery, but in the writer's experi-

ence he has found that there is very little difference be-

tween these blocks and sheet asphalt pavements. When
covered with a light frost or snow, or when the weather

is foggy and damp the pavement may become objection-

ably slippery.

In traffic observations made at Philadelphia, Newark
and other cities the evidence shown bv the engineers at
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these places indicated that where treated wooden block

and granite blocks were on parallel streets 70 per cent, of

the teaming went on the wooden block.

On Stuart Street in the city of Hamilton, the writer

laid treated wooden blocks between the street car rails

and granite block between the outside rails and curbs, the

pavement being on a 5 per cent, grade. Although most of

the traffic was of heavy truck teaming nature it was found

that fully So per cent, of the traffic, except on wet days,

was on the wooden block.

The first cost of wood block pavement is undoubtedly

higher than that of most of the other paving materials,

averaging in the city of Hamilton from $2.85 to $3 per

square yard, exclusive of grading. When its cheapness

of maintenance, ease of cleaning, low tractive resistance

and durability are taken into consideration this pavement

with its relatively high first cost will compare favorably

and prove ultimately cheaper than one lower in first cost.

EARTH DAMS.

I\

The Canadian Engineer for January 27th the design

and construction of masonry dams were discussed in

an article by Messrs. A. P. Davis and D. C. Henny,

abstracted from a paper on dams read at the Inter-

national Engineering Congress in San Francisco. The
following discussion of earth dams is from the same
paper.

The design of earth dams is not subject to mathe-

matical analysis. It must of necessity be based on the

application of general experience. This type of dam,
being the result of slow evolution, the experience of recent

years has been able to add relatively little to known facts,

and any considerable departure from previous practice is

mainly in the methods of handling. The magnitude of

structures of this class has, however, greatly increased.

General requirements are somewhat better understood,

while new methods of handling materials have had their

effect upon design.

The original conception of an earth dam probably was
a mass of material compacted so as to be water-tight

throughout, connecting with a tight substratum and dis-

posed to slopes somewhat flatter than the angle of repose.

Extensive cores of puddle or heavy walls of masonry were
used in the centre of the structure when doubt existed as

to the water-tightness of the general mass.

The use of a clay puddle core, with a dam of material

more or less open to percolation, has become less frequent

than heretofore in ordinary dam construction, while the

heavy masonry core, common in early eastern dams, has

been greatly reduced in dimensions and has been made
less rigid as a diaphragm through the use of reinforced

concrete. Where a core is used, it is frequently carried

up to only partial height so as to break the path of the

water trying to percolate under the base of the dam.

The character of puddle now deemed safest by most
engineers is not pure clay, but a mixture of gravel, sand
and clay well blended and compacted by a heavy roller,

with a small admixture of water. This material is less

liable to cracking and slipping than pure clay and absorbs
less water. There is, moreover, a greater tendency,

where only a portion of the dam is tight, to place this

portion as close as practicable to the water face, thereby

increasing the backing which supports it ; also to employ
coarser material for the downstream portion of the dam,
for greater stability and better drainage. Hundreds of

earth dams have been built within the last two deoades

under a wide variety of conditions. As failures of earth

dams have been generally due to overtopping, to piping

under the foundation or along outlet conduits, or to

sloughing, special attention has been paid to safeguards

against such accidents.

In regard to overtopping, protective measures have

consisted of close study of possible flood flow and pro-

vision of ample spillway capacity and freeboard. Piping

under the foundation, which may occur where connection

cannot be made with a tight substratum, is guarded against

by lengthening the path of the water through slope flatten-

ing, by deep puddle-filled cut-off trenches, sheet piling.

Grouting was used in connection with a deep cut-off wall

in the case of the Lahontan dam," which is built mostly on

mudstone in which many fissures occur. Piping along

outlet conduits is prevented by construction on unyielding

foundation and by frequent and large cut-off collars.

Sloughing is prevented by the use of masses of open drain

material in the downstream body of the dam, by drainage

pipes, or partially by above methods as well as by extreme

care in construction, through limiting water contents and
hard rolling with traction engines. In the latter case, it

is believed that the clay was rolled into such a compact
and rubbery mass as to prevent the penetration of water
other than by capillary action.

More scientific processes have been employed lately

in the determination of rates of percolation which would
take place through materials at hand for dam construction,

made necessary, especially in the west, because of general

sandiness of surface material. It was found, as in the

case of the Cold Springs dam and, subsequently, in the

case of the Lahontan dam, that mixtures of available

materials could be used which gave rates of percolation

about one-ninth that of the tightest material at hand, if

used by itself. Thus, it has been economically possible

to construct practically tight dams with sandy material.

In such cases, mixtures have been graduated so as to in-

crease in perviousness away from the water face, to secure

perfect drainage.

In one important case conservative methods of earth-

dam construction have been deviated from by omitting
sprinkling and rolling and by loose dumping the clayey

materials from trestles. The results have been unsatis-

factory, as might have been surmised, in causing over

10% of settlement in the height of the structure with water
about two-thirds of its intended height, accompanied by
bulging, cracking and some leakage, causing fear as to

the safety of the structure and an order from the authori-

ties to reduce the height of water in the reservoir.

Slopes of earth dams are generally 3 to i on the water
face, and 2 to i on the dry face, although steeper slopes

have been successfully used, as in the case of the Belle

Fourche dam, where they are 5 to i for a short distance,

then 2 to I and i J4 to i on the water face and 2 to i,

with two 8-foot berms, on the dry face.

In the compacting of the earthy portions of dams,
there has been a tendency to thin layers (6-in.) and to the

use of heavy rollers 10 to 30 tons, or preferably traction

engines, as giving great concentration of loads and avoid-

ing continuous jointing planes.

The most radical departure from former methods of

dam construction has been the occasional adoption of the

hydraulic method of conveyance and deposition, on works
of the greatest magnitude, such as (the Gatun and Necaxa
dams, and the Calaveras dam in California, now under

construction. The use of this process, and the consequent
results, constitute perhaps the most interesting chapter

in the recent history of dam construction. The interest

attaches to this process, not only as a measure of economy
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in construction, Init still more to the results obtainable

from the skilful employment of the sorting power of water

in separating heterogeneous masses of material into their

constituent parts, and placing each where it will do the

most good.

The largest and one of the most interesting earthen

dams ever built, has recently been completed at Gatun on

the Isthmus of Panama. It impounds in Gatun Lake the

waters of the Chagres River, and thereby forms the sum-

mit level of the Panama Canal, extending from Gatun,

about seven miles from the northern terminus of the canal,

through the Culebra Cut to Pedro Miguel, a distance

along the sailing route of the canal of 32 miles. The area

of Gatun Lake at normal high water is about 165 square

miles, and its depth about 75 feet. It thus follows that

this dam is one of the most important structures on this

great work. The Gatun dam, as finally built, contains

about 21,000,000 cubic yards of earth and roek, most of

it being clay pumped into place by hydraulic dredges. The

bottom of the valley is about 10 feet above mean sea level

and a wide cut-off trench carries the base of the dam
slightly below sea level. Its top is about 105 feet eleva-

tion, or 20 feet above normal high water in Gatun Lake.

Its maximum width of base parallel to the valley is over

2,ooG feet, the upstream slopes averaging about 7 to I,

and the downstream slopes varying between 8 to i and 16

to I, with an average of about 12 to i. These conserva-

tive lines were adopted for a number of reasons, among
which the following were the most important

:

1. The extremely soft, yielding foundation made it

imperative to avoid any large increase of load on any

portion over that on the ground adjacent. Hence, steep

slopes had to be avoided, especially on the downstream

face.

2. The hydraulic fill being presumably less pervious

than portions of the natural foundation it was desired as

a blanket to the latter, so as to enforce a long line of

travel for percolating waters, and to fortify against boils

and blow-outs below the dam.

3. The extreme importance of the structure to the

integrity of the canal emphasized the importance of using

very large factors of safety against destruction by both

natural and artificial forces.

The Consulting Board of 1905, which outlined the

lock canal project involving the Gatun dam, gave greatest

weight to the second consideration above named. That

Board proposed to carry the dam to an elevation of 135

feet above sea level, thus giving a freeboard of 50 feet

above normal high water.

Subsequent experience convinced the Consulting

Board of igog, that instability of foundation, and of the

material of which the dam was to be built was the greatest

difficulty to be overcome. Hence, the large freeboard pro-

posed would prove a menace by unnecessarily overloading
the foundation at the axis, and it recommended a reduc-

tion of height to 115 feet above sea level, thus reducing
the freeboard from 50 feet to 30 feet. Further experience
led to an additional reduction of 10 feet in height, which
is doubtless an improvement in stability, besides saving
cost.

Even with such flat slopes at 7 or 8 to i, difficulty

was encountered in holding the hydraulic fill in place till

it could be drained and consolidated. In expediting this

process, more than half the earth pumped into the dam
was carried away with the drainage water. It is the
opinion of those best able to judge, that with the condi-
tions presented and materials available, it would not have
been practicable to build the d.-mi hv that process on much

steeper slopes than those adopted for the upper half of

the dam.
The hydraulic method of depositing clay implies that

it goes into place in a supersaturated condition, often

containing 50% of water. The diiruulty of holding super-

saturated clay in the interior of a high fill was vividly

illustrated in the Necaxa dam, which was constructed in

Mexico for the Mexican Light and Power Co. Its con-

struction by the hydraulic method was a bold undertaking,

the supply canal alone costing $250,000, and the trans-

portation, by running water, of large rock being a

prominent feature of the plan.

The upstream slope was 3 to i, and the downstream
slope 2 to I, both slopes being formed of fragmentary

rock, while the interior mass was of clay, all deposited

by water. The volume was 2,130,000 cubic yards, form-

ing by far the highest earth dam ever built, its height

being igo feet.

Owing to the slow drainage of the clay body of the

dam, it retained a semi-liquid consistency, and when the

dam was nearly completed, the lateral pressure of the

clay forced the water face into the reservoir, and about

750,000 cubic yards of material followed it. This impres-

sive accident, as well as the experience at Gatun, where
bulging up of slopes was experienced, illustrates the in-

stability of undrained clay, and the limitations of the

hydraulic method of handling such materials.

For handling sand, gravel, small rock, and mixtures

of these materials with clay or silt, the hydraulic method
has demonstrated its economy under favorable conditions,

and it produces good results when its sorting powers are

skilfully employed upon such materials, by depositing

the finer particles in an impervious core, and the coarser,

on the exterior slopes where they furnish efficient drainage

on the lower side, serve as efficient protection against

wave action on the upper side and lend stability against

sloughing to both.

The Calaveras dam in California, which will be the

highest earth dam on record (250 feet) is now being built

by the hydraulic method.

The hydraulic process requires great skill, and at-

tempts are now being made to utilize it in the construction

of banks in which the materials are to occur In well-mixed

condition, the clay to be retained in the interstices of the

mixed sand and gravel. To this end, shear boards are

used to guide the mixed waterborne material in a way
that will cause it to drop its load without segregation.

To what extent this method can be made to produce the

desired results remains to be seen.

In some cases, as in the Bumping Lake dam in Wash-
ington (without core wall) and the .Arrowhead dam in

California (with core wall), the hydraulic process has been
used in washing material from the slopes into a central

pool, the material having first been hauled and dumped
on the slopes by mechanical methods. Such procedure

has advantages where it is feared that the material as

dumped cannot be rolled into a tight mass without ex-

pensive selection and waste, and where water under
gravity pressure is available for cheap assorting and con-

veying to place.

CHANGE OF ADDRESS.

The United States Cast Iron Pipe and Foundry Com-
pany announces the removal of its Southern .Sales and Traffic

Offices from ChattanooRa, Tennessee, to 100; American Trust
and Savings Bank BuildinR, Rirniin^fham, Alabama. This
change becomes effective .April i, igi6.
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MINERAL PRODUCTION

In response to the call for increased production, the

mine owners of Canada last year made the second best

record of mineral production in the history of the country.

The total value was $138,513,000, compared with $128,-

863,000 in the previous year, (during which business was
almost at a standstill for five months), and $145,634,000
in 1913. This record was made last year, despite de-

creases in the output of construction material, due in turn

to the lack of demand. The war created a demand for

nearly all metals and this fact helped materially to swell

mineral production. The obtention of by-products of coal

also contributed, .^s a result of the war activity, too, we
have become a producer of zinc ore to a small extent and
we will have a nickel refinery on our .Atlantic seaboard

in the comparatively near future. The fact that under war
conditions it was desirable that our metals should become
available for commercial or national use, entirely within

the country and that we should be less dependent, even

upon a friendly neutral, for their recovery in smelters and
refineries has stimulated the development of our smelting

and refining operations. Amongst non-metallic minerals

the recovery of benzol and toluol in by-product coke oven

operations was a direct result of the war, as was also the

activity in the mining and shipment of magnesite and of

chrome ores.

Ontario contributed $61,800,000 to the total mineral

production last year, more than twice British Columbia's

output of $28,932,000 and more than three times Nova
Scotia's production of $18,126,000. Ontario leads in gold

and silver production and has a rponopoly of Canadian

nickel production. The coal fields are the chief contri-

buting factor to Nova Scotia's output and the asbestos

deposits in the eastern townships help to place Quebec in

fourth place among the provinces with a mineral produc-

tion of $12,159,000 last year.

The total value of metals produced in 1915 was

$77,046,000, an increase of $18,000,000 over the previous

year. The value of non-metallic minerals was $42,755,000,

while structural materials and trade products accounted

for $18,712,000. .-^mong the principal non-metallic

minerals were coal, natural gas, asbestos, gypsum,

pyrites, salt and petroleum. Natural gas production

shows a decrease, indicating that the sources which have

been heavily tapped in past years, are beginning to give

out. Petroleum production also shows a decrease.

While this record of mineral production last year is

satisfactory, largely because of an increase compared with

the previous year, our output is by no means as heavy as

it should be. There is considerable scope for first-class

prospecting, for the employment of further capital in the

industry, and for the services of the legitimate mining

engineer who has too often been forced by the "wild cat"

company promoter to take a back place. Mr. John
McLeish, B..\., chief of the division of mineral resources

and statistics, is to be congratulated upon the dispatch

with which he has gathered the material for his preliminary

report on mineral production, and from which the figures

quoted above are taken. This report has just been issued

by the Mines Branch, Ottawa.

The Alberta legislature is authorizing the flotation of

a loan of $2,000,000. The funds will be used for the civil

service for covering any debt on open account, for paying
off floating indebtedness, for any public works and other
purposes the legislature authorizes. It will be issued at a
rate not exceeding 5 per cent. Hon. C. R. Mitchell is the
provincial treasurer.
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I COAST TO COAST |
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Toronto, Ont.— It is expected that the Don section of

the Bloor -StrtHt X'iaducl will be ready for steel by April i.

Ottawa, Ont.—Legislation has been secured for the

construction of a highway between Ottawa and Prescott.

The estimated cost will be $600,000.

Fredericton, N.B.—The Fredericton Gaslight Com-
pany has submitted a series of proposals relative to the

lighting of the city streets by them.
Edmonton, Alta.—.According to the report of the Pro-

\ incial Department of Public Works there were 343 new
bridges erected last year and 177 repaired.

Hamilton, Ont.—City Engineer Macallum recom-
mends that the route selected by the C. N.R. through the

city be followed by the Hydro Radials.

Vancouver, B.C.—The D. A. Thomas interests are

prepared to negotiate with the government as regards the
building of a railway into ihe Peace River country.

Medicine Hat, Alta.—.\ delegation has interviewed
Premier Sifton at Edmonton urging that the C.N.R. be
ordered to complete their line between Medicine Hat and
Hanna.

Toronto, Ont.—The city has submitted an agreement
to the York Township council by which they will supply
the adjoining districts with water at 20 cents per thousand
gallons.

Edmonton, Alta.—The .\lliance Power Company has
submitted an offer to the city by which they will agree to

operate the city power plant until the new hydro-electric

plant is ready.

Winnipeg, Man.—An official statement given out at

the Canadian Northern Railway offices here announces the
opening of the line from Camrose to .Alliance, Alberta, a
distance of 59 miles.

Winnipeg, Man.—The Jefferson highway will enter
Canada at Emerson and follow the route of the Meridian
Road to Winnipeg. When completed, the road will ex-

tend from New Orleans to Winnipeg.
Vancouver, B.C.—The annual report of the Provincial

Water Board shows that the storage capacity of the small
lakes on Seymour and Capilano Creeks is ample for a city

many times the population of Vancouver.

Calgary, Alta.—The watermasters of the irrigation

district east of Calgary held their second annual conven-
tion at Strathmore. Irrigation matters were discussed
and lectures were given by government engineers.

Niagara, Ont.—The construction of a canal eight

miles long, which will provide a new waterfall here, will

be undertaken during the coming summer. The cost will

be about $12,000,000 and 600,000 h.p. will be developed.

Moose Jaw, Sask.—City Engineer Mackie has a

scheme by which he proposes to bring water from the

Saskatchewan River to Caron and thence through the

existing pipe line to the city. No particulars are available.

Peterborough, Ont.—The Utilities Commission of the

city of Peterborough is authorized to negotiate with the

Otonabee Power Company for the purchase of their trans-

mission lines in that city where they do not parallel the

Hydro system.

Montreal, Que.—The Montreal and Southern Counties
Railway expects to be able to run to Granby by the end
of March. The new machinery will shortly be installed

in the sub-station. Granby will be the furthest objective

point this coming summer.
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Lethhriiige, Alta.—The provincial bacteriologist has

ooncliuii'ci an invcsligalion into the epidemic of typhoid

w hich has been raging here. He states that raw sewage

uliich is dumped into the Old Man River at Macleod is

jcsponsible for tlie epidemic.

Hamilton, Ont.—It is understood that the Dominion

tlovernment has consented to defer to Ontario in the con-

trol of franchises and charters of local electric railways,

and that this policy will be followed by the Railway Com-
mittee of the Federal House in dealing with the Canadian

Northern Ry. charter extensions for their Niagara lines.

Toronto, Ont.—A $700,000 programme has been out-

lined by the Harbor Commission in connection with next

summer's work. The work in Ashbridge's Bay and at

the Humber will be continued, and, in addition, the work

of transforming the old harbor will be commenced, h is

announced from Ottawa that a permanent head line has

been established in the harbor, from Bathurst Street to

Yonge Street. The plans provide for the establishing of

a 17-acrc indublrial area at the foot of Bathurst Street,

which will be served by 800 feet of dock and 20 feet of

water. Theie will also be modern freight sheds and a

factory building. In connection with the new windmill

line, the railways have waived their riparian rights between
Bathurst and York Streets and the companies will join the

commission in an application to the government for ap-

proval of the new pierhead and bulkhead lines, and the

harbor commissioners will receive the patents to the new
lots lying between pierhead and bulkhead lines, Hon. Mr.
Rogers and Hon. Mr. Hazen both having signed them.
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Letters to the Editor
niiiiiiiiiiniiiiiiiiiiiiiiiMiuiiiiMniiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiir.

Stresses in Lattice Bars of Channel Columns.

Sir,—Those of your readers who are interested in the

mechanics of materials will be interested in Mr. Pearse's

solution for the stress in lattice bars of columns, published

in your issue of February 24th. On the hypothesis that

there is a bending stress at the centre of a loaded column,

the magnitude of which stress is correctly given by the

amount of the reduction made in the allowed unit stress

on account of the length of the column, Mr. Pearse's

method is correct. Unfortunately, on account of an error

at the beginning of the deduction of the formula, the

result he gets for the stresses is twice too much.

In the discussion of the question of stresses in lattice

bars of columns it must not be forgotten that our

knowledge of the internal stress conditions of a column
under load is very vague. In columns tested to failure,

up to a considerable leng:th, there is practically no deflec-

tion in the column until the elastic limit of the material is

reached, when failure occurs by a local buckling. If a

latticed column were perfectly constructed, of homogene-

ous material, with the two parts exactly straight and of

the same area, and if the load were applied absolutely

concentric, there would be no bending in the column up

to the point of failure. In such a column the lattice bars

simply hold the two parts together and would have only

very small stresses in them until at the moment the column
failed. Practically, there are columns of all conditions,

from the one nearly perfect to the one grossly imperfect,

and the stresses in the lattice bars will be of all kinds and
magnitudes. In longer columns, such as it is practical to

manufacture, there will be bending in the column before

failure occurs. Bending will probably start as soon as

any part of the load is applied. Unfortunately, it is im-

possible to have any knowledge of the relation between

the load, the elements of the column and the amount of

the bending ; such relationship being purely accidental

and not the same in any two cases. For a certain definite

load and a corresponding bending, there will be certain

stresses in the lattice bars which can be determined with

a fair degree of approximation ; it being, of course, as-

sumed that the latticing is at least sufficient to make the

two parts of the column act as one column.
Nearly all text books, however, in their treatment of

the theory of the column, assume that there are certain

definite and determinate bending stresses in a loaded

column and give formulae for the determination of the

amount of these stresses. Formulae, such as Mr. Pearse's,

may be deduced on the basis of these assumptions and the

stress in a lattice bar calculated therefrom. The addition

of the stress so calculated to the accidental unknown stress

will give a result which will be quite safe to design to, but

what will this resulting stress be?

Mr. Pearse, in his derivation of the formula, says

that the total stress in channel C R is 2 k — , due to bend-
2

A
ing. This should be fe — , since fe is the unit stress due

2

A
to bending and — is the area of the channel. If this

2

corrected value be used throughout Mr. Pearse's demon-
stration it will give the correct result, which is just one-

half that given by his final formula.

The writer has deduced the following solution for the

transverse shear, and suggests it as being shorter and
more general than Mr. Pearse's.

The curve of a column concentrically loaded, with de-

flection A is y = A sin '"

I

Let M be the bending moment from load P, at point
X', and M + dM the moment at x + dx.

M = Py = P^ sin t-'*^

M + dM = PA sin ^
X + dx

T
Therefore, dM = PAI sin "•

(
X + dx

sin .^)

= PA[sin(^+^)-sin.-L]

PA [sin^ rdx^
+ COS —j— sm

sm

^dx

IT tI
dx . ^dx

and smce —r— is very small, cos —-— , . ^dx
= I, and sin ——

^dx
the first term will cancel the last and

T.V tJ.v
dM = PA cos

/ /
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Therefore,
dM
dx

= P^-

dM
dx

(0

= S is

2)

If M is the bending moment at x, then

the transverse shear at x, and
TT 7r\-

S = PA —- COS -p

Let Mo be the bending moment at the centre, / the

extreme fibre stress due to Mo, r the radius of gyration,

A the area, and c the distance from the neutral axis to

the extreme fibre.

Then, PA = Mc = -i^ = -^^^,
c c

Substituting in Equation 2,

5 = /^-— .cos— . - -
(3)

This equation gives the transverse shear at anj' point

X in a column.

U X = — , cos—;— = o, and 5 = o.
I

U X = o, cos

/

^ X

T
Ar'

= I and the shear at the end,

I

If 70 — , in the equation—— = 16,000 —
r A

Ar

(4)

be

substituted for /, then Se =

If any straight line formula be used for the value of

/, then the value of 5e will be independent of the length.

If / be made a function of I — I, 5e will be greater for

long columns than for short ones.

The writer is unable to follow the relationship claimed

by Mr. Pearse between the stresses as calculated from his

formula and those determined by the tests, the results of

which are published in Bulletin No. 44, University of

Illinois. In those tests the stresses in all lattice bars

seemed to Be purely a matter of chance. There were no

definite stresses from bending in the columns in either

the bars' or the channels. In these tests the axis of the

pin was parallel to the plane of the lacing, so that the

columns had fixed ends in the direction of the lacing. The
columns were too short to make the tests of any value in

determining the effect of bending, even had they been
arranged with the axis of the pins in the other direction.

The opinion of the author of that bulletin is that it is im-

possible to establish any relationship between the stresses

in lattice bars and the other elements that enter into the

design and construction of columns.

A. H. HARKNESS.
Toronto, March 20th, 1916.

Stresses in Lattice Bars of Channel Columns.

Sir,—The writer has carefully reviewed the article on
this subject by Mr. William Worth Pearse, C.E., city

architect of Toronto, which appeared in your issue of

February 24th, 1916, and begs leave to submit the follow-

ing comments :

—

While the column formulas here used would lead one
to suppose that the stresses in columns result from a com-
bination of direct stress and bending, it by no means
follows that bending stress alone governs the stresses set

up in the lattice bars of a built-up column.

An absolutely perfect column with vertical axis, would
merely shorten under load effect and no bending could be
produced if the material is isotropic, the load applied
centrally, and the modulus uniform within the limits of

loading.

However, these are all conditions which can never be
realized, so that a perfect column does not exist, and hence
any deflection which may occur unde'r load effect must be
regarded as the result of a combination of several acci-

dental circumstances.

After a critical examination of practically all modern
column tests it appears that columns fail when the maxi-
mum stress reaches the yield point of the material. Up
to this point the behavior is very uniform with slight de-
flections except when a column shows some local weak-
ness. Failure follows suddenly either by buckling of a
part of the section in the case of latticed columns, or by
buckling of outstanding flanges in built-up columns. At
the time of local collapse, the column as a whole under-
goes a large deflection while the stress drops off.

Just what portion of the ultimate stress is due to

bending effect will depend entirely on accidental condi-
tions, such as initial straightness, variations in the elas-

ticity of different parts of the section, eccentricity of load-

ing, distribution of metal in the cross-section, and finally,

the degree of fixity at the ends. It matters not how the
ultimate is produced, but whenever the sum of the direct

stress and bending reaches the yield point, the column
fails.

It we may assume our column formulas as representa-

tive of average practical conditions based on more or less

standard column designs, then no doubt 'the bending effect

may be evaluated from whatever formula we choose to

employ.

.•\ccording to Navier's formula, the maximum unit

stress on the extreme fibre of any piece, subjected to

direct stress and bending, is given by the formula
P Mn P ^ Mn

or —r = 5o
.

—
zr , - {

I

)

wherein —
A

So ^ — + , vy. — ^>, —^,
.4 .4 r .4 .4 r

average working stress per square inch,

and .Sc = 16,000 lbs. per square inch, represents the maxi-

mum allowable unit stress. M = bending moment ; n =
distance from neutral axis to extreme fibre ; .4 = area

and r = radius of gyration.

T T- • / N ,
-Mr?

,

In hquation (i) the term -—^ represents the unit

stress due to bending alone, hence for a uniformly loaded

beam on two supports this moment M = R — where R =

the end reaction or shear.

_, . Mn nlR
Therefore, j^ =

^^^^ . - - (2)

-Assuming the column formula in most general use,

which is

—r = 16,000 — 70 ,
- - - \V

A r

the negative term represents the unit stress due to bending

precisely as in Xavier's formula, hence the bending

stresses from Equations (2) and (3) may be equated. Thus
Mn nlR I ,., ,,, „• nf
, i = —7—, - 70 — , which solved for R gives Mr.
Ar ^A r' ' r

Pearse's Formula (d), for the end transverse shear in the

column, as

280 A r
R = (4)

For two sides of the column and single lacing, there

will be two lacing bars to carry this shear, and calling *
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the angle wliidi the bar makes willi the transverse shear

(usuallv ^o"), then the stress in a single lattice bar =
/^'

. ( \
s = — sec e - - - -

[^}
2

If the Rankine-Gordon formula is adopted in pre-

ference to Equation (3), then the end shear may be deduced

in precisely similar manner by writing the formula so as

to separate the bending stress from the direct stress, as

follows

:

_
P 16.0CO ,. r ^ 16,000

= - y = 16,000 116,000

I + * I +
I'

m
i2,ooor- i2,ooor

The last term in Equation (b) now represents the unit

•-iress due to bending alone, and as above,

M n n 1 R
A r" 4.1

5= 16,000

which solved for A' and reduced,

5-33 -4 '

111,000

r

1 2,000 r'

R = (7)

"0- ' )V 1 2,000 r /

The formula for designing lattice bars, using a factor

of safety of 3.25 should have been written as follows :

— = 6,600—13.8—- - - (8)
a ' r

instead of Mr. Pearse's Equation (18).

Taking the column used by Mr. Pearse, upper right-

hand of page 276, where / = i44"' •' = 8-9- ^q. in. =

two 10" channels at 15 lbs., r = 3.81", n = 5.72" and—
= 38, then by Equation (4),

2S0 Ar .r iu AR — = 1,663 lbs; and = — sec * = 960 lbs.
2

R

Also, by using Equation (7)

.S-33 ^ I

ul 1 +-
r-

= 1,068 lbs. and ,'; = -^ sec S = 617 lbs
R

I2,OOG r

and for the same column, 24 ft. long,

by Equation (7).

R

According to Equation (S), = 6,600

1,616 lbs

I

for13-4^

'16" — 10.6" long withlattice bars, and a bar 2^^" x

— = 118 would be good for a working load of 3,480 lbs.

and safe for a load three times this amount.

While above results are ridiculously small, and would
not govern lattice bar design, this is all the stress that the

bending effect of the column would produce. We must,

therefore, look to other more severe conditions to find an

answer to this problem.

The reasons for the greater bar stresses obtained from
Equation (16) given by Mr. Pearse are due to the erroneous
assumptions in his stress distribution, as shown in his

Fig. 4, and also to the introduction of the value for ^ from
his Equation (7) for which there is no justification. The
apparent agreement between the lattice stresses as found
from his Equation (16) and those deduced from experi-

ments given in Bulletin No. 44, University of Illinois, is

not at all convincing to the writer. These experiments do
not show maximum lattice stresses at the ends of columns
nor can the ratio 0.0251, for transverse shear to compres-
sion load, be regarded as governing except for the peculiar

column tested. Hence, it is dangerous to generalize on
such a meagre assortment of facts.

Among the conclusions given in Bulletin 44, p. 63,
items 8 and 15 arc here quoted to show the opinions of

the experimenters themselves, which should not be over-

looked in connection with the suljjecl under tiiscussion.

They are

:

8. "It seems futile to attempt to determine the

stresses which inay be expected in column lacing for

central loading by analysis based on theoretical considera-

tions or on data now a\ailable.

"

15. "No relation has been found between the stresses

actually observed and the stresses computed by column

formulas. The stresses do not increase tovi-ard the middle

of the length of the coliunn, as may be expected from the

Rankine form of analysis, but are quite irregular in their

location and distribution."

Other similar remarks are given in various parts of

the bulletin.

Since a latticed column is really a framed structure

with rather peculiar loading, the stresses in the diagonal

bracing or lacing bars will depend entirely on the behavior

of the flange members. These flanges being subjected to

compression from end to end, the function of the lacing

and batten plates will be to transfer longitudinal shear

from one flange to the other whenever and wherever the

compressive stress is unequally distributed. The maximum
value of this shear may, under certain conditions, approach

the total load P on the column, and hence the total area of

lacing and batten plates should be sufficient to carry this

shear. This will serve as a good criterion in designing

lattice columns and represents the writer's practice, though
the whole subject is largely a matter of standards.

D.AVID MOLITOR, C.E.

Toronto, March 20th, 1916.

Re the Constant Angle Arch Dam.

Sir,—The article on this subject in your issue of the

9th inst. is interesting and instructive and makes a good
case for the constant angle arch dam.

The design of an arched dam is really a very difficult

problem and the calculations of the stresses which take

effect in such a structure depend upon an unusually great

number of more or less crude assumptions which only have

a degree of probable approximate accuracy so that the

results must of necessity have a high degree of probable

variation from the truth, and it is a matter of .astonish-

ment to observe that the designs discussed depend in part

for their stability upon what is described as the "initial

stresses." .Although on the assumption of ideal conditions

(rigid abutments and so forth) such stresses exist and lead

to the statical relations described, yet practical considera-

tions make these stresses casual, uncertain and unreliable

for so important a structure as a high masonry dam.

Most straight masonry dams show transverse cracks and

they are not unknown in arched dams, and it is the excep-

tion rather than the rule to find rock inasses in nature of

a greater length than 16 feet, which leads to the supposi-

tion that temperature, moisture and foundation changes
are sufficient—anywhere near the surface—on occasion to

release the whole of the lateral extensions of rock,

masonry, or concrete masses based upon Poissons Ratio.

Further, in the case of a inasonry dam the water in the

reservoir presses equally hard upon the sides of the reser-

voir as upon the dam and probalsly pushes away the arch

abutments a quite important amount. Under these cir-

cumstances, is it desirable that the "initial stresses"

should be relied upon to assist the stability of a masonry
dam?

W. GORE, M.Inst.C.E.

Toronto, March i6th, 1916.
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CANADIAN TIMBER IN DEiMAND.

The announcement made by Lord Shaughnessy some

few weeks ago in which he stated that the Canadian

Pacific Railway Company henceforth will use, as far as

possible, only Canadian woods, has been favorably re-

ceived by the lumber interests throughout the Dominion.

The company propose to use Canadian woods for con-

struction and ornamental interior finishing of all their

buildings, as well as their railway cars.

The decision is one which may be looked on as a

result of efforts of the forestry experts who have been

showing Canadian woods at the exhibitions held in the

United States and Europe. The Canadian exhibits of

woods have been very well arranged, especially the more

ornamental woods which are used for interior finish.

These magnificent samples have attracted the attention

of the commercial world to such an extent that we may
expect a big increase in their use. The most important

result, however, is the fact that Canadians themselves

have seen from these exhibits that it is not necessary to

go far afield to secure good wood for any purpose what-

ever. The increasing use of Douglas fir, western hem-

lock, red cedar and other beautiful woods which are

taking the place of the more expensive hardwoods for

interior finish and cabinet work is an evidence of the

timeliness of our "getting acquainted," as it were, with

our own woods.

The British Columbia Forest Branch is especially

deserving of credit for the way in which they have

studied the market in their endeavors to supply the pro-

ducts which the Canadian people require. They have

launched a big publicity campaign which has attracted

widespread attention to the immense resources of the

forests of British Columbia. More particularly they have

been developing a trade among the farming communities

-of the West. Bulletins showing plans of various farm

houses and stables have been distributed. The farmer

may calculate the exact cost of the structure he proposes

to build, as a detailed bill of quantities is given.

The use of timber as a structural material seems to

have slipped the mind of the engineer and public alike.

For years there has been a cry of "what will we do when
our timber is all spent?" and the logical result has been

that other materials have stepped into the breach. In

most cases the substitute has been better than wood, and

has perhaps, when first put on the market, been more ex-

pensive than the wooden article whose place it was filling.

However, with the subsequent rise in the price of timber,

due to production costs and scarcity of material, the sub-

stitute has graduallv become cheaper, not only in first

cost but in maintenance.

Recently the lumbering interests of the middle

western states commenced a campaign of popularizing

wood as a structural material. They claimed that the

conservationists of the United States had so influenced

the people in the conservation of wood that the lumbering
industry had fallen off. Bulletins issued by the Lumber-
men's .\ssociiation have as their object the correction of

the impression that the exhaustion of the timber resources

is imminent.

According to the report of the Commission of Con-

servation, Canada very likely only has about one-quarter

of the standing timber that our neighbors south of us

have. The commission is now taking inventories of the

two most westerly' provinces and should have them com-
plete in a couple of years. The total stand of timber in

the whole of the Dominion of Canada should be known
in about five years. When these facts are known will

be time enough to boost the use of timber again as a

material of construction, providing, of course, that it can
compete with the present substitutes. The use of timber

as an ornamental material for interior finish will, with the

amount used for residences, farm buildings and other

small structures, keep our lumbering interest^ busy enough
for the next few years without cutting timber for struc-

tural purposes where its value monetarily is bound to be

less than any of the materials now in use. Our .American

cousins can well afford to expend their timber for such

purposes when they have such a supply on hand.

STRESSES DETERMINED BY MEANS OF
POLARIZED LIGHT.

.A number of examples showing the application of

polarized light in the determination of stresses in en-

gineering materials and structures were given by Professor

E. G. Coker in a lecture before the Royal Institute,

London, Eng. The application of polarized light to this

use is new, but the phenomenon involved is a century old.

Sir David Bennet, in 1816, discovered that transparent

materials become doubly refracti\e when stressed. The
discoverer of this property of transparent materials

pointed out that stresses in the arched rings of bridges

could be rendered visible in a glass model by the aid of the

doubly refractive effect produced by a beam of polarized

light. On account of the unsuitability of glass for

modelling purposes, not much use has been made up to

the present of the method. Howexer, in recent years the

advent of transparent nitro-cellulose materials, which are

easily modelled by means of ordinary woodworking tools

has removed this obstacle.

.Simple stress is estimated, by thi^ method, from the

colors observed. For instance, the action of water in a

pipe can be imitated by applying a uniformly distributed

stress to the interior of a ring; the arrangement of the

color bands indicates that there is a very large stress at

the interior surface, diminishing rapidly at first and after-

wards more gradually as the outer surface of the pipe is

approached.

The new method of determining stresses, even if ap-

proximate, should he of great interest to engineers. There

are some problems which are beyond solution by mathe-

matical means, which may be solved with enough accuracy

to answer immediate needs. Sometimes the design of a

whole structure will be jeopardized by the improper esti-

mation of one seemingly small item.

Too often we find that the discoveries of science have

been overlooked by the engineer, who usually has very

little time to delve into such things. It is the engineer

who has chosen pure science as a holjby who usually finds

out more about its application to engineering problems.
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BOOK REVIEWS
Overhead Transmission Lines and Distributing Circuits

;

Their Design and Construction. By F. Kapper.
Translated by P. R. Friedlaender, M.I.E.E. Pub-
lished by Constable & Company, London. First

edition, 1915. 300 pages; 297 illustrations; 7x10
ins. ; cloth. Price, $4.50. (Reviewed by J. H.
Mackay, engineer of transmission work, Toronto
Power Company.)

This volume, while written from the standpoint of

European practice, should nevertheless prove a desirable

acquisition to the library of most engineers interested in the
design and construction of transmission lines in America.

While the fundamental principles underlying European
design and construction are dealt with in a satisfactory

manner throughout the subject matter of the volume, it is

mteresting, however, to note that the competent .\merican
engineer of to-day has paved the way in the matter of

efficient long-distance, high-tension construction and
transmission. The American engineer, however, gives
due credit to his Swiss, French and Italian brothers who
were among the pioneers in successfully undertaking and
carrying out the tasks of designing, building and operat-
ing transmission lines for voltages up to 50,000 or 60,000.

The subject matter of the volume covers the entire field

of operations, from the survey for the right-of-way to the
completion of the line, and a careful study of the various
chapters of the book cannot help but bo of interest and
value to the reader.

One of the most important matters in conjunction
with I he successful operation of high-tension transmission
lines, is discussed, and illustrated by several cuts showing
the various pin and suspension types in general use. The

author makes the statement that the mechanical safety of

the installation is increased when suspension insulators

are used, as their flexibility enables equalization of

stresses to take place on straight stretches and at corners,

and in case a line breaks on one side of a tower, the tower

will not be subjected to much stress, as the chain of insu-

lators will set itself in a slanting position and virtually

lengthen the line, thus relieving the tension in it. This

statement, while true, is, however, offset by the fact that

with suspension insulators the risk from a combination of

sleet and wind is much in excess of that which would arise

were the same line equipped with insulators of the pin-

type. The former line sag depends on, or is governed by,

the loading of adjacent spans, and in this connection, the

present-day suspension insulator string is not an ideal

arrangement.

One notes that in Europe a private right-of-way is

seldom secured, and wayleave has to be obtained from
possibly hundreds of small property owners before actual

construction work can commence ; here in America, how-
ever, after the generating and distributing points are

located, the power company will make a preliminary sur-

vey of the most direct route and then purchase outright

a strip of property of sufficient width to meet their present

and future requirements. .After the engineers have de-

cided upon the types of supporting structures, most de-

sirable from the points of strength and economy, then the

actual' survey for the tower locations is gone ahead with.

Some curves are given, based on European prac-

tice, showing approximate costs of a 20,000-voIt three-

phase line some six miles in length, using various

types of construction with span lengths from 130 feet up
to and including spans of 650 feet in length. These curves
are valuable only in comparison with known cost data
obtained under conditions peculiar to America.

In Europe, the initial construction work in connec-
tion with a transmission line, or distributing system, is

apparently, as a rule, undertaken by contractors, rather

than by the company itself, and a chapter deals with
forms of agreements and schedules of prices for the

v;irious operations to be performed. This method of

procedure would, on this continent, however, be open to

question, as every large company has its own staff of

competent engineers and workmen under its direct super-

vision and control.

In summing up the work as a whole, it can be said

that the book is well illustrated, and the subject matter

divided into proper chapters, these chapters again being

subdivided under proper headings. The descriptions and
numerical examples are such as can be readily understood,

thus being of value to the engineer.

In conclusion, it may be noted that we in America,

however, must design and build our transmission lines to

meet conditions peculiar to our own continent, where the

market for the energy produced may be hundreds of miles

from its source, therchv necessitating voltages groatlv in

excess of European requirements, and again, where the

temperature may be much below, or greatly in excess of

that encountered in middle Europe.
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Geodetic Surveying. By Edward R. Gary, Professor of

Railroad lingineering and Geodesy, Rensselaer

Polytechnic Institute. Published by John W'iley

& Sons (Inc.), New York. 279 pages, 5^2 x 8 ins.,

98 figures and 21 tables, cloth. Price, $2.50 net.

The book has been written with the idea of bringing

literature on the subject up to date, as during the past

fifteen years some marked improvements in the practice

of geodetic surveying have taken place.

The book covers reconnaisance, describing the

methods of precise measurement of base lines and various

corrections to be applied to angular measurements in

laying out the network of triangles for the survey. A
chapter on geodetic latitudes, longitudes and azimuth

takes up approved methods of calculating these quan-

tities. A great deal of attention is allotted to the instru-

ments used in geodetic work, with methods of adjust-

ment. Precise levelling and trigonometric levelling are

dealt with fully and map projections are given a chapter.

One appendix is devoted to practical astronomy, with

examples of methods of computing, time, latitude, longi-

tude and azimuth. .Another appendix on the method of

least squares completes the book.

The author has described many niethods employed

by the United States Coast and Geodetic Survey, which

represent the most advanced practice.

The book should be of particular value as a text-book

for use in engineering schools, as all the subjects taught

in lectures on Geodesy and Practical .'Astronomy are con-

tained in the same work. Engineers engaged in geo-

detic work and precise surveying will find this work usetiil

as a reference. The book is well lx)und and the illustra-

tions are very good.

Practical Surveying. Bv Ernest McCullough, C.E.,

M..Am.Soc.C.E. Published by the D. \'an Nos-

trand Co., New York. 395 pages, 5x8 ins., 229

illustrations, cloth. Price, $2.00 net.

The purpose of this book, the author says in his pre-

face, is to meet the needs of students whose mathe-

matical preparation does not extend beyond simple arith-

metic. It is intended to be used as a text in high schools

or vocational schools and for self-tutored men who wish

to become surveyors.

Instruments used in all branches of survey work are

described in detail. The chapter on chain surveying is

very complete. Under compass surveying are given the

use of the instrument in the field, notes on attraction and

variation, balancing errors, computing lost courses and

areas and plotting the map. Trigonometry is treated in

simple language in one chapter, giving both the regular

and graphic solutions of plane triangles, with problems
;

and the use of logarithms is explained. The use of the

transit is taken up, and a small amount of space is

devoted to stadia work. The chapter on surveying laws

IS very thorough, treating with the various United States

laws which have to do with the surveyor.

The book is well illustrated and the language through-

out is very easily understood, making it a very valuable

work for students of surveying.

Forest Protection in Canada, 1913=14. Compiled under
the direction of Clyde Leavitt, M.Sc.F., Chief

Forester of the Commission of Conservation.

Published by the Commission of Conservation of

Canada. Illustrated, 274 pages, 6x9 ins., cloth.

The report contains much information respecting the

work of the provincial forest services and of the federal

•departments entrusted with the care of our forests.

Forest fire protection is assuming a large place in

public attention. It is obvious that, if Canada is to con-

tinue as a wood-producing country, she must conserve

her resources of this natural product. The report treats

exhaustively of the fire protection of forest lands along
railway rights-of-way. Through co-operative action

great headway has been made in securing the reduction*

of forest losses through fires traceable to railway causes.

The forests of British Columbia and on Dominion
lands in the \Vest have been dealt with in reports con-

taining the results of special studies conducted by Dr.

C. D. Howe and Mr. J. H. White. The Trent water-

shed in Ontario has also received especial attention in

a report of an investigation by Dr. C. D. Howe in the

townships of Burleigh and Methuen. This district is

important in that, while of very little value as an agri-

cultural area, it is being repeatedly overrun by forest

fires and the little remaining merchantable timber de-

stroyed. It is suggested that the area be placed under

the control of the Dominion Forestry Branch for pro-

tection from fires and for reforestation.

Elements of Railroad Track and Construction. By Winter

L. Wilson, Professor of Railroad Engineering,

Lehigh University. Published by John Wiley &
Sons (Inc.), New York. 396 pages, 5x7 ins.,

210 illustrations, cloth. Price, $2.50 net.

This is a revision of an earlier edition, with some

seventy pages of additional matter and several new
chapters. A chapter on the Practical Turnout, which has

been written on the recommendation of the .American

Railway Engineering Association, is responsible for over

half the additional matter. The make-up of the book

is open to criticism, owing to the fact that the first 260

pages take up track and maintenance, leaving only 130

pages at the end of the book for railroad construction,

trestles, culverts, etc. The very last chapter, which is

devoted to "Classes of Grades," is covered in six pages,

which is very short, considering the importance of this

subject to the maintenance of way engineer. As the

size of the train which can be hauled over any division

is directly proportional to the ruling grade, and, there-

fore, has a bearing on the operating costs, the question

of economic grades should have received more attention.

The chapters dealing w-ith railroad construction and

engineering organization should have been at the front

of the book.

The author states that the book has been published

as an aid to students of railway engineering to take the

place of large treatises, which deal with the work more

in detail than the student requires.

Engineering as a Career. A series of papers by eminent

engineers. Edited by Prof. F. H. Newell, of

University of Illinois, and C. E. Drayer, Secre-

tary, Cleveland Engineering Society. Published

by D. Van Xostrand Company, New Yoik. 226

pages, 5x7 ins., cloth. Price, Si. 00.

This book has been published as a guide to parents

and others interested in technical education. The facts

presented should be a guide to them or to young men

who plan a career along engineering lines without know-

ing just what is in store for them. It explains the duties

of an engineer, whether civil, mechanical, electrical or

mining, and tells what qualifications the prospective

student of engineering should have before commencing

his studies.

The various contributors to the book have, perhaps

unconsciously, written the histories of their careers.
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This :idds \:ilnc 10 llio npinions wliicli IIk-v li.ni' freely

expressed.

The book should be read by all high schiwl teachers

and others who arc frequently asked to advise young
men in the choice of a career. In a great many cases

the advi«-e given by iheni is founded on the most ha/y

ideas of engineering, and the student who plans his edu-

cation on such advice only linds out, often t<x> late, that

he is on the wrong track, and his time has Ix'en wasted

in pursuit of a career for which he is not fuud.

Tacheometcr Surveying. Hy M. E. Yorke Eliot, A.M.
Inst. cm:. Published by E. & F. N. Spon, Limited,

London, and Spon & Chamberlain, New York.

145 pages, 4'2X7 ins., i plate and 30 illustra-

tions, cloth. Price, $1.50.

This book is for the use of engineering students who
require a book which gives information on the actual

handling of the work in the field and office. Four

chapters are devoted to the elementary study of the

subject, and arc intended to give the student a thorough

knowledge of the simpler work before going into more

ditllcult phases of it. .\ whole chapter is devoted to the

actual field work of a contour survey, from selecting the

station points to the final calculation. Another chapter

gives the ollice work in connection with the survey.

The calculation of lines and areas and the uses of the

slide rule are taken up. The author states that the book

has been written with the intention of explaining taohe-

ometrv as it is pr;ictised in countries outside of England

and aiding in the more widespread use of the methods

employed.

Railway Regulation. An analysis of the vmderlying pro-

blems in railway economics from the standpoint

of government regulation. Bv L Leo .Sharfman,

Professor of Political Economy, University of

Michigan. Published by the La Salle Extension

LIniversity, Chicago. 230 pages, 6xg ins.,

leather. Price, $2.00.

A book presenting an analysis of the leading problems

in railway economics from the standpoint of government
regulation in the United States.

The historical facts are presented which have led up

to present-day practice and problems. The author quotes

figures which show the magnitude of the railway industry

and the influence it has had on the development of the

nation. The history of railroading under private develop-

ment and public aid, and the evils of early speculation,

are given with some detail, showing how public senti-

ment gradually turned against the roads. Chapters are

devoted to Railway Competition ; the Theory and Prac-

tice of Rate-making ; the Regulation of Railway Rates

;

Railway Discrimination and various legal decisions of

the courts on regulation of roads.

While the book has been written entirely with regard

to .American railroads, it would be of interest to the

student of railway economics.

Elements of Highway Engineering. Rv Arthur H.
RIanchard, C.l':., .\.M. Am.So<-.C. I':!, M.Can.Soc.
C. E. Published by John Wiley i*i' .Sons, 191 5.

500 pages, Ti X 9 ins., 202 figures, cloth. Price $3.

In the preface the author states that the Ixiok was
written for the use of students who required only the

fundamental principles and did not desire to take up a

special cour.se in highway engineering.

The first five chapters deal with highways in general.

The ancient Roni.in roads arc described. They were

origin.illv built for military purposes and declined with

the fall of the Roman I'^mpire. The reader will note how
very similar were the ideas of the ancients with our own
in regard to design of roads. Reference to the pioneer

work of Tresoguet in France and McAdam and Telford

in England is made.
lu'onomics and methods of l.ixation lor road im-

provement are discnissed, with a \ery full descriptimi

of methods in use in France. Preliminary investigation,

survey and design, grading and machines are each given

a chapter.

The following twelve chapters give details of different

classes of roads and pa\ements. Development, with

historical data and a glossary of terms, heads each

chapter. Very little space is given to natural roads.

The remainder of the book is given over to street-cleaning

and snow-removal, sidewalks and highway structures,

which are very lightly touched on. Useful appendices

on highway terms and testing of material are added.

Industrial Leadership. By H. L. C.anti. Published by

the Yale University Press, New Haven. Conn.

128 pages, 5x8 ins., with nine charts. Price.

$1.00 net.

This book contains addresses delivered in the Page
Lecture Series, 1915, before the senior class of the Shef-

field .Scientific School, Yale University. The author

states that in his lectures he has attempted to set forth

the principles on which industrial democracy can be based

so as to be more effective than any system of indus-

trialism which can be developed under autocracy. The
great war is evidence of the superiority of autocracy in

organizing a nation for both industrial and military

efficiency, and if democracy is to compete successfully

it must develop methods which will be at least equal to

those employed by autocracy.

Civil Engineers' Cost Book. By Lieut. -Col. T. E. Cole-

man, Royal Engineers. Published by E. & F. X.

Spon, Limited, London. 381 pages, pocket size,

cloth. Price, $1.50.

This book is compiled for the use of engineers and
contractors. Actual costs of construction for various

works are given, the details for which have been gath-

ered by the author during a long and \ aried experience

in connection with civil and military engineering works.

A chapter on cost of plant and machinery will be very

useful. As a general reference book for engineers en-

gaged in countries where English units of currency are in

force it no doubt will be found very useful. For Cana-
dian engineers, howev'er, it will ser\ e more as a basis

for comparison of costs.

Railway Maintenance Engineering. By Wm. H. Sellew,

M..\m.Soc.M.E. Published by D. Van Nostrand

Company, New York. 360 pages, 5x7'^ ins., 194
illustrations and (1 folding plates, cloth. Price,

$2.50.

The author states that the book was written primarily

as a text book for students, but that some information

of an advanced character has been included that will be

of value to the practising engineer ;is a reference b<X)k.

It would be particularly uselul to the location or con-

struction engineer breaking into the maintenance depart-

ment activities. In case of the reader desiring to go
more fully into questions discussed, there is a biblio-

graphy at the end of each chapter which will direct his

efforts along the lines of research. The first f<nH" chapters

deal with construction problems; the rem.iinder ol the
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bdok is devoted to maintenance work. Materials of con-

struction and operation used in the various branches of

maintenance are very fully discussed. .A chapter on rails,

dealing with standard sections, strength and methods

of manufacture being particularly well written. In tiiis

connection it might be said that materials have received

the greatest attention in the 1k)o1<, wiiile methods of con-

struction have been cut short.

Chapters on station buildings, fuel and water stations

and icehouses are of value, the chapter on icehouses and

methods of harvesting ice being larger than the others.

.A feature of the book which should commend itself to all

maintenance engineers is that all names of makers of

various appliances are given, with cost data covering

some of them. Xumerous tables included in the book
will be of service to the practising engineer.

Electrical Pocket Book for 1916. Published by Emmott
&• Co., Limited, Manchester and London. 240

pages and diary, 4x6 ins., illustrated, cloth.

Price, 30 cents.

The annual electrical publication of the "Mechanical
World" series. A collection of engineering notes, rules,

tables and data, with new information introduced and
several sections re-written.

Machine Design. By .\lbert W. .Smith, Director of Sibley

College, Cornell University, and Guido H. Marx,
Professor of Machine Design, Leiand Stanford

Junior University. Published bv John W'ilev &;

Sons (Inc.), New York. Fourth edition, revised

and enlarged. 500 pages, 6 x g ins., cloth. Price,

$3.00. (Reviewed by L. M. .\rkley, M.Sc, Me-
chanical Engineering Department, L'niversity of

Toronto.)

Chapter I. explains the elementary definitions used
in the study of motion in machine parts without regard
to the forces causing motion.

Chapter II., called "Motion of Mechanisms," treats

of the relative motion of the parts of the slider crank
chain, and gives in detail methods of finding the velocity

of the reciprocating parts in quick return motions.

In Chapter III. analyses of several well-known

straight-line motions are given.

Chapter I\\ treats of ca'ms, but in a rather brief way.

This chapter could be enlarged to advantage to include

such forms as cylindrical and sliding cams.

In Chapter X\TI. tooth-wheels, or gears, are dis-

cussed at length and in the conventional fashion. .Invo-

lute and cycloidal tooth outlines are described and

methods of design of spiral and bevel gears given.

The subjects discussed in the alx>ve mentioned chap-

ters are usually treated separately in books on Kine-

matics of Machines, as they deal primarily with motion

without reference to force, while "energy in machines,"

taken up in Chapter Y., comes naturally under the head

of dynamics of machines.

The remaining chapters treat of machine design

proper, and take up methods of design of riveted joints,

bolts and screws, axles and shafts, journals and bearings,

couplings and clutches, belts, ropes, brakes, flywheels,

etc., and these subjects are treated in much the same

manner as in all standard books on machine design. The

last chapter on machine frames is one of the best in the

book. In it the stresses developed in the frames of

several commonly-used machine tools are analyzed and

the best section for resisting these stresses indicated.

This book has probably been written primarily as a

text book for students, and used as such should serve

it;, purpose very well, especially if supplemented with
exercises in Kinematics and machine design worked out
on the drawing-board. Ffom the above it will appear
th.ii the book appeals to the teacher of machine design
rather than to the practical designer, who finds most
useful books containing data on the subject in hand
inste.-itl of a treatise on first principles.

Metal Statistics, 1916. Published by the .\merican Metal
Market and Daily Iron and Steel Report, New
York. 368 pages, 4x6 ins. Price, 50 cents.

Is given over entirely to tables showing the prices

and production of minerals, their manufactured products
and various kinds of coal and coke. In most cases the
tables include estimates for 1915, but in some places 1915
figures are completelv omitted.

Empire Directory and Vear=Book. Published by the Sani-
tary Publishing Company, Limited, London, Eng.
200 pages, 7x9 ins., and diary. Price, $1.50.

This is the 34th annual issue of the year-book of "The
Sanitary Record and Municipal Engineering." .VdirectDry

of municipal authorities for the United Kingdom and all

British colonies and dependencies, while not complete as
regards Canada, would likely be of use to Canadian firms

looking for a market in Britain where the information
given is more likely correct. Other information relative

to municipal and sanitar\- engineering is given under
various chapter headings.

PUBLICATIONS RECEIVED.

Mineral Production of Canada.—The preliminary re-

port of the Mines Branch for 191 5.

Timiskaming and Northern Ontario Railway Com-
mission.—Report of the Ontario Government Railway
for 1915.

Water Power Commission, Province of Nova Scotia.—
Progress report, 191 5, with a map showing progress of

stream measurement and power investigations.

The Production of Cement, Lime, Clay Products, Stone
and Other Structural Materials in Canada.—.\ report of

the Mines Branch, giving statistics for the year 1914.
Iowa State Highway Commission Service Bulletin.—

The March number of this interesting little paper, describ-

ing a new bridge at Iowa City and other Iowa road news.
Mineral Production, 1915.—Bulletin Xo. i, igi6, of

the British Columbia Bureau of Mines; a preliminary re-

view and estimate of mineral production during 191 5, by
Wm. Fleet Robinson, provincial mineralogist.

Department of Mines.—Summary report of the Mines
Branch, Ottawa, fur 1914, describing in\estigations in

connection with metallic and non-metallic deposits, testing

of oils and fuels, txamination of minerals and statistics.

Design of Intakes. Scroll Cases and Turbine Draft
Tubes for Single Runner Turbines.—By A. G. Hillberg,

hydraulic engineer. Park Row Building, New York City.

.•\ series of articles reprinted from the Engineering Record.

Distributed free on application to the author.

The Colorado Industrial Plan.—.\ booklet by John D.

Rockefeller Jr., in which is reprinted the article "Labor
and Capital—Partners" and several addresses by the

author respective of working conditions in the coal and
iron mines of the Colorado Fuel and Iron Company.

Canada's Iron and Steel Industry.—.A 14-page pamph-
let, giving the history of the Nova Scotia Steel and Coal

Co. Illustrating and describing the various plants and
giving a synopsis of the financial affairs of the company.
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Metal Mine Accidents in the U.S.—A technical paper

published by the U.S. Bureau ol Mines, giving statistics

of accidents during the year 1914-

Some F.njjlneering Problems of the Panama Canal in

Their Relation to Geology and Topoj^raphy.—Bulletin No.

86 of the U.S. Bineau of Mines. .V paper by Donald F.

McDonald, who was detailed as geologist to the Panama

Canal while it was under construction. The paper has

been published by the Bureau of Mines as a contribution to

engineering literature because it presents information that

shows how geology and topography must be considered

by the engineer in planning excavations and in removing

loose material and solid rock in the safest and most ef-

ficient manner.

Poor's Manual of Railroads for 1916.—The 49th edi-

tion of Poor's Manual of Railroads, covering the United

States, Mexico and Canada, has just been issued. This

valuable reference work presents this year for the first

time the margin of safety on individual bonds and stocks

in the form of percentage of total net earnings remaining

after interest or dividends. This information appears

throughout the text in connection with the statements. It

gives subscribers first-hand facts upon which to base their

estimates of value.

Bond descriptions have been thoroughly revised, par-

ticularly with respect to the underlying security. In this

work, the Manual has had official assistance. The de-

scriptions contain new italicized headings, such as

Interest, Trustee, Secured By, etc., so that the particular

kind of information wanted may more readily be found.

All statements are revised to June 30, 1915, including

those of companies that report for the calendar year. In-

formation of importance issued prior to February 10, 1916,

is also included.

CATALOGUES RECEIVED.

The Milburn Light.—.A. 52-page, illustrated catalogue

describing the various styles of lights and other products

manufactured by this company.
TiflBn Motor Trucks.—.\ very attractive four-page

pamphlet giving the specifications of this well-known line

of motor trucks. Suitably illustrated. Tiffin Wagon
Company, Tiffin, Ohio.

Centrifugal Pumps.—Bulletin No. 108-A issued by

the Wheeler Condenser and Engineering Co., Carteret,

N.J., being a 34-page catalogue describing their single-

stage, double-suction, type D.A.A., centrifugal pump for

heads of o to 300 feet. Well illustrated.

PERSONAL
R. C. D. TEMPEST has resigned from his post as

resident engineer of the sewer section, Toronto, on account

of ill health.

K. H. SMITH, B.A.Sc, recently addressed the Nova
Scotia Society of Engineers on "Some Engineering

Features of the Pan-Pacific International Exposition."

JOHN KEILLOR, gas engineer, Hamilton, Ont.,

has received the appointment of superintendent to the

Vancouver Caslight Co., Vancouver, B.C. Mr. Keillor

was previously manager of the Hamilton Gaslight Co.

B. 0. SLAUGHTER, late vice-president* and chief

engineer of the Canadian Copper Company, Copper Cliff,

Ont., has resigned to accept a position as vice-president

of the Tennessee Copper Company, Copperhill, Tenn.

OBITUARY.
WM. W. CllISliOLM, electrical superintendent of

the Wallaceburg, 1-^ssex and Lake Shore Electric Railwa)

,

was electricuted while working around a derailed car near

Leamington.
CHARLES SELLERS, president of the Peerless

Furnace Co., Toronto, which he founded over twenty-five

years ago, died on March 20, aged 82. Mr. Sellers was

a native of Glasgow, Scotland, but had resided in Toronto

for over 60 years. He was superintendent of the Gurney

Foundry Co. for more than 20 years.

OTTAWA BRANCH CANADIAN SOCIETY OF
CIVIL ENGINEERS.

.At a luncheon of the branch held recently, E. A.

Dunlop, M.L..\., gave a very interesting address in which

he described conditions at the front as he saw them on

his recent visit to the trenches. Mr. Dunlop spoke par-

ticularly of the work of Col. Mitchell, head of the Canadian

Intelligence Department. Mr. Dunlop was accorded a

hearty vote of thanks for his interesting talk.

CANADIAN SOCIETY OF CIVIL ENGINEERS,
MONTREAL.

An instructive illustrated lecture and practical

demonstration on the subject of "Electrical Precipitation

of Solids from Grease," was given by Linn Bradley, of

the Research Corporation, New York, before a large

gathering of the members of the Canadian Society of Civil

Engineers, in the Macdonald Engineering Building.

The lecturer treated with the importance of the sub-

ject to every branch of the engineering profession as re-

garding mining, metallurgical, chemical and electrical

industries.

CALGARY BRANCH. CANADIAN SOCIETY OF
CIVIL ENGINEERS.

.\t a dinner of the members of the branch a very

interesting talk was given by G. N. Houston, of the irri-

gation branch. Mr. Houston spoke on "Legislative Con-

trol of Engineering Practice." He stated that there was
a growing attempt to control the practice of engineering

by legislation on both sides of the line. Several engineer-

ing societies had attempted to have legislation passed

which would state the qualifications required of a mnn
before he could practise as a civil engineer. The bills

had, however, been defeated. Until some definition of

the term "civil engineer" was arrived at the public w-ould

not be protected from incompetent engineers.

The speaker doubted if licensing would cut out in-

competence. He proposed in lieu of law that the govern-

ment supervise all plans and specifications for construc-

tion, and also admit as members only men of a very high

grade.

"The man to be admitted should be a member of the

Canadian Society or British Society, or a society of equal

standing or certificate," concluded Mr. Houston.

COMING MEETINGS.

AMERICAN WATERWORKS ASSOCIATION.—
Thirty-sixth annual convention to be held in New York
City, June 4th to 8th. .Secretary, J. M. Diven, 47 State

Street, Troy, N.Y.
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IMPACT FORMULAS FOR HIGHWAY BRIDGE DESIGN
Part I.

A BRIEF HISTORY OF TWO RAILWAY BRIDGE IMPACT FORMULAS,
SHOWING THAT THEY ARE UNSUITED FOR HIGHWAY BRIDGE DESIGN.

By E. H. DARLING, M.E., A.M.Can.Soc.C.E.

0\"ER a hundred years ago, in 1807, Thomas
Young first announced the general principle of

the properties of bodies "to resist impulse."

This property, to which he gave the name
"Resilience," is the capacity of a body to endure, absorb,

or store up the work which may be done on it and give

it out again under proper conditions.

As a simple example of this, when a tensile force is

applied to a bar of steel, the bar is extended and work is

done by the force. The work is absorbed by the bar and
by the law of conservation of energy the internal work in

the bar must equal the applied external work. When the

external force is removed the bar assumes its original

length, giving out as it does so the stored-up work which
is, by definition, the resilience. Wherever in engineering

structures there is compression, extension or deflection

(provided the elastic limit of the material has not been
exceeded) we have examples of resilience.

This property is of the utmost practical importance in

engineering. Were it not for it a structure, no matter

how strong under static loads, would be liable to be shat-

tered by a light blow. Glass is an example of a material

with low resilience and we are quite familiar with its

"brittleness" and its inability to withstand a shock. But
even a bar of iron or steel can be broken with a surpris-

ingly small amount of work. A bar of steel having one
square inch section area and a modulus of elasticity of

29,000,000 will require only 17.6 foot-pounds of work to

stretch it to its elastic limit of 32,000 lbs.

If the bar were 10 feet long or 10 square inches in

section it would take ten times as much work to stress it

to the same point. So that the resilience of a bar or a

bridge member varies as its section and length, or, which
is the same thing, as its volume.

But the absorption of work is not quite instantaneous,
although very rapid. Stress is said to travel in steel at

the rate of about 17,000 feet per second—the same rate

as sound. Rapid as it is, it is still slow enough to make
it an important consideration. If the force be applied to

the bar instantaneously by striking it a blow it is possible
to stress the metal at the point of contact beyond the
elastic limit or even the breaking point before the rest of
the bar can absorb the work.

After Young, there was considerable investigation
and discussion of the subject, but it was first put into

practical form, as far as the engineering profession is con-
cerned, in 1849, when an extensive series of tests was
made in England by a "commission appointed to inquire

into the application of iron to railway structures." The
result of their report was that the British Board of Trade
established the rule that for cast iron the factor of safety

for live loads should be double that for dead loads. This
rule was largely used for many years and became accepted
as a general principle to be applied to live loads of any
kind or however applied. It is based on the fact that a

suddenly applied load, i.e., one which reaches its maxi-
mum value the instant it is applied, does produce twice
the stress in a structure that it would if it were applied

gradually.

If a tensile force p be applied suddenly to a bar and
extend it a length ^ the work performed on the bar will

be p >^. But in absorbing this work the stress in the bar
increases from zero to pb so that the work absorbed

equals .

.'\s the internal work equals the applied work

/) ^ = or pb = 2p

If the force were applied gradually ^b would equal p.

All the experiments of the above-mentioned commis-
sion were performed on cast iron and the. experimenters
failed to detect the elastic limit of the metal, as in this

material it is so near the breaking strength. Besides,

testing machines did not reach a sufficient degree of re-

finement to permit an accurate study of materials under
stress until thirty years later. The commission, however,
detected a phenomenon in materials subjected to repeated
stresses which was called "fatigue." This subject was
carefully investigated by \\'oehler between the years 1859-

1870, and he established the principle that when a bar iron

was subjected to a varying stress a number of times (some-
times it took an enormous number) it broke at a stress

less than its maximum strength, as shown by a static test.

This stress he expressed as a function of the ratio of the
maximum and minimum stresses.

His principle was at once adopted in the design of

iron bridges and was made applicable by suitable formulas
by Launhardt and Weyranch. These formulas replaced

the simple method of doubling the live load stress and
they persist to this day in one form or another.

The fallacy of this method lies in the fact that

Woehler's principle applies only to materials stressed be-
yond the elastic limit and it does not apply, and has no
meaning, if the stress is below this point. .\s some one
has said: "If we were designing a structure so that it

would fail, then Woehler's formulas would be the correct
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ones to use." However, the early designers were con-

sistent to this extent, that they worked with the ultimate

strength of their materials but took care to apply a suf-

ficiently large factor of safety to bring their working

stresses within the elastic limit.

Another fault of this method is that it confuses

"fatigue of material" with stresses due to sudden loading.

Fatigue is the evidence of "permanent work" done on the

material while the impact formula in bridge design is an

attempt to express the stresses caused by "temporary

work." Impact is a property of the applied force depend-

ing on the way the load is applied, and it is only when

resilience of the material is destroyed that fatigue appears.

But to return to our history. It was Bauschinger

who proved that Woehler's rule did not hold good below

the elastic limit, and in 1877 Prof. Winkler, of Berlin,

first suggested that the dynamic effect of the live load

should beconsidered in addition to its static effect. (Trans.

.•\m.Soc.C.E., Vol. 41, p. 172-174.) In other words, his

suggestion was that the effect of impact should be treated

as an increase in the live load rather than a mechanical

effect on the material of the structure.

The effect of simple impact on a bridge may be

roughly analyzed if the word is used in its correct sense,

meaning the effects due to the stopping of a moving body.

When such a moving body strikes a bridge the kinetic

energy or work stored in it must be dissipated in one way

or another. There are three stages in the process. First,

the motion of the moving body will be imparted to the

particles of the structure and set them in motion. If the

structure were free to move and perfectly rigid in itself

all the energy would be thus transferred according to the

laws of motion. Only such stresses would be developed

as would be necessary to transfer the motion to the distant

particles of the structure. However, as bridge structures

are not rigid and are anchored to their abutments the

particles move as far as they can and the total effect is

what we recognize as deflection. This is the second stage.

Some parts will be compressed and others stretched.

Even the abutments are never absolutely rigid and will

therefore also be affected. By this action the structure

absorbs work and the process goes on until the sum of

the internal work equals the work imparted by the moving

body. But this is not a state of equilibrium, so a series

of oscillations or vibrations begins which lasts until all the

surplus energy has been converted into molecular work

or heat. If at any instant the stresses in any part of the

structure exceed the elastic limit, permanent work will be

done and the structure will not regain its original shape.

Its capacity to absorb work—its resilience—has been ex-

ceeded and it cannot give back all it received.

When a train moving at a high rate of speed passes

over a railway bridge there is doubtless increased stresses

due to sudden loading as defined above. There are also

innumerable blows, shocks, jars, etc., too complicated for

analysis. The result is that stresses are produced above

those that the train would cause if at rest on the bridge.

This difference in stress between what would be the static

stresses from the live load at rest and the actual stresses,

however produced, is what is covered by the "impact

increment" of modern specifications.

Joseph M. Wilson in 1885 first introduced in America

the method suggested by Prof. Winkler, but the most
widely used formula was first brought into systematic use

by the late C. C. Schneider and published in the specifica-

tions of the Pencoyd Iron Works in 18S7. (Trans. Am.
Soc. C.E., Vol. 34, 1895, p. 331-2.) Mr. Schneider had

collected some data of experiments on existing bridges to

ascertain the effect of passing lrai^^ an<l from this he de-

veloped the formula

\s + 300/
In which / = impact increment to be added to the static

live load stress L; s = loaded length of span producing

the stress L.

It is an interesting fact that since then the American

Railway Engineering Association, after making thousands

of ineasurcments on existing bridges, recommended this

formula, and it is now widely used in railway work.

It will be noted that in this formula the value of /,

the impact increment, depends only on s, the span length,

or that part of the span which, when loaded, produces the

maximum static stress. For a train moving at a uniform

rate of speed the length .« will determine the time required

for the live load to reach its maximum, so that the value

of / really varies inversely as the time required to apply

the load and thus takes care of sudden loading. Also, as

the longer spans will usually have the longer members this

formula may be considered to insure that short members
have a larger impact increment than the long ones. No
account is taken of the inertia of the structure nor the

relative mass of train and bridge since it is used for all

types of spans and for this reason many engineers were
not satisfied with it but favored a formula developed by
Henry S. Prichard.

Mr. Prichard derived his formula by "starting with

Launhardt's and modifying it to accord with the results

of a study of all data bearing on the subject which was
available," and in 1895 published it in the revised specifi-

cations of the New Jersey Steel and Iron Company.
(Trans. Am. Soc. C.E., Vol. 41, p. 503.) This formula is

1 = impact increment

;

L = live load stress

;

D = dead load stress.

The impact increment in this formula depends only

on the relative magnitudes of the dead and live load or,

in other words, the relative mass of the bridge and the

train. No account is taken of the speed at which the

train is moving, or the length of span. In later specifica-

tions which use this formula, such as the Doqiinion Go\-
ernment, 1908, in order to correct this defect, the live load

stress is first multiplied by a factor varying with the

length of span and the product is used as L in the above
formula. The factor is

( 1.40
)V 200 /

This is only used for spans under 80 feet.

It will be interesting, to compare the relative values

of the impact increment as obtained from these two

formulas. In order to do this the values of 7, as given by

them, have been plotted as curves in Diagram i. The

ordinates give the values of the impact increment in per-

centage of the live load for spans up to 200 feet. As the

Prichard formula depends only on the ratio of the dead

and live load, two curves are shown—for dead load equal

to zero, and for dead load equal to live load.

It will be noted that the Schneider formula gives

values about an average between the other two curves.

In actual design the relation between the dead and live

loads is such that the results are about the same whichever

formula is used, except for very short spans and heavy

loading, under which conditions the Prichard formula

gives higher values. The Dominion Government formula

gives much higher values for spans under 80 feet.
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After all, this similarity of the two formulas is what
one would expect when it is remembered that they are

both empirical formulas based on measurements and ex-

periments made on railway bridges. This is the point

that the writer wishes to emphasize. It at present seems
utterly impossible to express by means of a rational

mathematical formula the effects of shocks, blows, jars,

etc., which will be generally true for all structures and all

manner of moving loads. Given a certain uniform type of

structure and method of loading, it is quite possible to

obtain a factor or formula which will give more or less

accurately the equivalent static stress for moving loads

but it would be rather a strange coincidence if the formula

thus obtained for railway bridges should be found to be

in any way suitable for any other structures, such as high-

way bridges not carrying street cars. Until it has been
shown conclusively that railway bridge formulas or some
modifications of them are generally true for all bridges

they should not be so used, for the conditions of loading

(7) Every other uncertainty in the magnitude of the
loads and their application, including possible derailment
and future increase.

Effects somewhat similar to these will doubtless be
produced in highway bridges by their loads, but the con-
ditions are so entirely different that the results are quite

modified. We have the heavy concentrated load produc-
ing maximum stresses in the floor beams, stringers and
short spans ; and the uniform or distributed live load of

'

a much smaller order of magnitude which develops the
maximum stresses in the trusses of spans above a certain
length. But tTieir liability to cause impact stresses is not
the same as a train passing over a railway bridge, as a
comparison with the above items will show.

(i) It is not necessary to consider such a thing as
true impact due to high speed for a highway bridge. The
experiments of the committee of the .American Railway
Engineering Association, mentioned above, found that
impact stresses were inappreciable for speeds below 30

L* O
/^or spans under 80 if.

L = Static Live Load Stress 'f-'fO-^j

/o so 30 -ao .50 60 70 SO 90 /oo /eo /^o
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Diagram No. 1.
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are very different, as may be seen from the following detail

comparison.

The impact increment in the design of railway bridges

is supposed to cover the stresses produced by the follow-

ing conditions :

(i) True impact due to sudden loading caused by the

maximum engine and train loads travelling at a high

speed.

(2) Pounding of unbalanced parts of the drive

wheels, etc.

(3) Pounding of wheels at open joints and of flat

wheels.

(4) Swaying of engine and top-heavy tender and
other loads.

(5) Vibration and jarring of machinery in motion

;

the "noseing" of the engine and jolting of cars.

(6) Rhythmic motion set up in the structure due to

the synchronism of the blows from the train with the

period of vibration of the bridge.

miles an hour. In highway traffic the only live load that

exceeds this speed is the motor car. But the heaviest

motor car is so much lighter than the road roller for which
provision must be made that there is, in a properly de-
signed bridge, an ample factor of safety for the high-speed
car. It is true that the 20-ton motor truck is in sight,

but its speed is about 10 or 12 miles an hour, and it is far

from likely that they will be permitted to travel on high-
ways at the rate of 30 miles.

(2) There is no analogy in highway bridge loads to

the pounding of unbalanced drive wheels of locomotives.
This is a very important consideration in railway bridges.

(3) The bumping of heavy loads over rough floors,

stones, etc., may be compared to the pounding of wheels
at open rail joints, but the conditions of highway bridge
floors are often such as to aggravate this effect relatively

beyond anything that occurs in a railway bridge.

(4) There is the same analogy in swaying of top-

heavy loads, but this effect is also associated with the
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concentrated load and cannot affect the truss ul any but

short spans.

(5) Vibration, jarring, jolting, etc., apart from that

. overed by item 2, need not be considered in highway

bridges.

(6) Rliyihmic motion set up by the uniform live load

•on long spans is a possible contingency. In spans which

are relatively long for their width there is likely to be a

• swaying effect in a high wind. Stresses caused by these

conditions are probably the only kind of impact stresses

that need to be considered in the trusses of highway

bridges.

(7) Much uncertainty exists as to actual stresses in

highway bridges as well as in railway bridges, but it will'

be generally admitted that the uncertainties in the former

are within much narrower limits than in the latter.

In consideration of all the above facts, it seems to the

writer to be quite evident thai the question of impact in

highway bridges should be considered by itself and that

the present methods and formula (at least those commonly
used in Ontario) are wrong in principle. How they work
out in practice will be discussed in the second part of this

paper to be published in a future issue.

typf:s and costs of slack cable
excavator plants.

A NEW EXPANSION JOINT.

The Barrett Company is now putting on the market a new
expansion joint for use in connection with concrete or brick
or block pavements. This joint is mastic in character, comes
in ribbon form and a variety of widths and thicknesses. The
requisite cohesiveness to stand handling and storage in the

ribbon form without affecting the_elasticity that is necessary
for expansion requirements, is given to the material by a new
process known as the "fibre weld." The material is water-
proof, weather-proof, and is not injured by street acids
or automobile oils. Furthermore, it does not become brittle

with age or cold weather, and on the other hand, does not
soften or run when the weather is hot. Its chief advantage
over the usual poured bituminous joint is the elimination of

pouring or heating apparatus, which means a great reduction
in labor, as it takes but ver>- little time to unroll a joint, cut

it and put it in position.

"CANADIANMADE ASPHALT."

The refinery of the Imperial Oil Co., Limited, now being
built in Montreal, will be, after its construction, the only
asphalt refinery in the Dominion of Canada. In the past,

practically all the asphalt was of foreign manufacture. The
new refinery, which will be one of the most modern and best
equipped ever constructed, is for the refining of crude asphal-
tic oils of the highest grade exclusively, producing thereby
the best material possible for the making of asphaltic roads.
The equipments of the plant consist of 14 large crude oil

stills, many special reductors, and pressure distillators and
agitators, and a special factory for the manufacture of metal
containers in which, with the aid of tank cars, the material
will be shipped. The plant will have a capacity for crude
and manufactured products of over 600,000 barrels.

The refinery is located at Montreal East, on a piece of

ground containing more than 55 acres, fronting the St. Law-
rence River. The property runs over one mile north, crossing
Notre Dame Street to above the Canadian Northern Railway
Co.'s tracks. The company has on the river front its own
wharf, the depth of water being sufficient to permit ocean-
going tank vessels, transporting crude oil, to dock at the

wharf. The shipping facilities by waterway, either in bulk
or in packages, are of a great advantage.

.As to the shipping by tail, the Imperial Company has the

Canadian Northern Railway and the Montreal Tramways Co.

at its disposal, and later will have the Harbor Commissioners'
Railway.

This modern installation represents an cxpeniso of more
than $1,250,000, and when in full operation should employ
at least 3,000 men.

A FEW years ago the slack cable method of excava-

tion was not well known, and was used only in a

few isolated places. Lately, there have appeared

on the market, however, a number of excavators

employing this principle, and the idea is becoming more

popular. This type of excavator, which has been described

by .'\. A. Smock in The Contractor, consists of four es-

sential parts: (i) the bucket; (2) the cable upon which

the bucket is hung; (3) the mast, to the top of which the

slack cable leads
; (4) the engine that controls the opera-

tion of the outfit. There are numerous buckets for this

use, each designed under some special patent and possess-

ing features that distinguish it from others.

The excavators may be used for soil stripping,

handling of coal, ore, rock, or other loose material, and

especially for gravel excavation. The increased amount

of concrete work in the last few years, together with the

popularity of the gravel road or "pike," has caused a

great demand for sand and gravel. This was formerly

supplied in two ways ; first, and most primitive, by driving

a wagon to the nearest open pit and loading it by hand

;

second, by railroad shipments from source of supply to

the nearest sidetrack, where it could be unloaded and

hauled to the work. The latter method was and still is

expensive on account of freight rates, and the former

method is becoming less common because these neighbor-

hood pits are gradually being excavated down to the ever-

present water, from below which it cannot be removed

by hand.

Naturally, the upper layers of gravel above the water

are more or less dirty, while that below the water is

cleaner when removed. The slack cable excavator can

easily' remove this gravel from almost any depth and

therein lies one of its chief advantages.

The operation of the outfit is very simple, and is

under the control of one man. The bucket is brought in

by a "drag" cable on the front drum of the hoist, and the

track cable is made loose or tight, as desired, by a

"tension" cable, which passes over a pair of double

blocks, increasing the pulling power of the engine about

five times, which is sufficient to tighten the track cable

until the bucket is raised clear off the ground. The bucket

is drawn in to the dumping point, at which there is gen-

erally some device attached to the track cable, causing the

bucket to discharge its load, after which it is released,

rolling down the tight cable by gravity. The cable is then

loosened, allowing the bucket to rest on the ground in its

natural digging position ready to repeat the operation.

The power must come from some kind of a double

drum hoist, either steam or electric. The most popular

size is the one-yard bucket, which is generally operated

by an ordinary contractor's double-cylinder, double-drum

hoist, sixe 8 x 10, although smaller engines will suffice in

easy digging. If electric power is used, the best hoist is

a direct-connected one with a system of gears enabling

the bucket to be drawn in slowly with great power while

loading, and then to be drawn up to the dumping point

more rapidly with less lower. In this case, a 50-horse-

power, variable-speed motor is sufficient. In occasional

plants where electricity is low in cost, the bucket is some-
times operated by means of ;> hoist which is belt-connected

to a 60 to 70-horse-power motor, the larger size being re-

quired on account of the loss due to belt slippage, and
also on account of the motor running at a constant speed.

The average time required to make a complete trip

with the bucket is found to varv a great deal, on account
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of the difference in the material, the speed of the engine,

and the skill of the operator. The average outfit uses the

ordinary hoist engine, which has a speed of about 200 feet

per minute. Thus on a 400-foot span, 2 minutes are re-

quired to haul in the bucket and about i minute to dump
it and return it ready for another load—3 minutes per

trip. This will be found to be a very conservative figure,

for many plants run as high as 40 trips per hour. Much
time can be saved by using a two-speed hoist, arranged to

run at about 150 feet per minute under a heavy pull, and

at about 450 feet per minute under a lighter pull, thus

bringing in the bucket in 1 minute instead of 2, and en-

abling the operator to get out 30 buckets per hour under

similar conditions.

The commonest form of gravel plant is the "bar run"

outfit. This consists merely of the bucket, cables, mast

and engine, digging the gravel from a pit or creek-bed and

depositing it on the ground in a pile. Many such outfits

are in use in various locations, and are generally called

"gravel dippers," the owners, as a rule, making a busi-

ness of "dipping" gravel for townships, road supervisors,

contractors or private individuals.

In or near cities where strict specifications are en-

forced regarding the gravel used, it is customary to erect

screening plants to wash the sand and gravel thoroughly

and grade it into sizes. These plants present an interest-

ing study, but it is not our purpose to enter here into a

discussion of their details of design and construction.

There are many kinds of screening outfits, the simplest

kind having an elevated table upon which the gravel is

dumped, and from which it is washed by a stream of water
through an inclined trough, in its course passing over

inclined screens that give the required separation. The
most complex plants with the greatest output and most
efficient operation are more expensive, being equipped with
revolving screens, washing tanks, crushers, overhead bins,

etc. Between these two limits there are endless varieties

of screening outfits.

Cost.—The following estimates of the cost of plants

are based upon new material throughout, although in

actual practice much second-hand but serviceable material

is used, such as old lumber, second-hand cables, and
engines. The "bar run" outfit, with a one-yard bucket,
costs, complete, including a reasonable allowance for

freight, erection, etc., about $2,250, while a screening

plant of the more simple type, including a water pump
and the screen towers, will be about $3,000, which is sub-

ject to increase on account of bins, crushers, etc., to some-
times as high as $10,000.

Operating Cost.—The average bar run outfit, with a

one-yard bucket, can easily excavate, with the ordinary

engine and engineer of average ability, 250 yards per 10-

hour day, often running much higher or lower according
to conditions. Many plants hire, only one man, who tends

to his own boiler, as well as making all minor repairs. It

is economv, however, where results are desired, to em-
ploy an engineer, fireman and a laborer. The daily costs

will be as follows: Engineer, $4; fireman, $2.50; laborer,

$2; coal, $3; oil and miscellaneous, $1.50. Total, $13.

The yearly fixed or overhead charges are ordinarily

not computed, but should be for an accurate notion of

the business. They are as follows

:

Interest on $2,250 at 6 per cent $135.00

Renewal of cables, blocks and sheaves 400.00

Depreciation of engine 200.00

Depreciation of bucket 150.00

Total $885.00

The depreciation items are as a rule replaced by the

actual money spent on repairing the outfit.

Counting out Sundays and days when no work is

done on account of weather, it is safe to figure a year at

200 days.

200 X $13 daily pay roll, etc $2,600.00

Annual charge as above 885.00

Total $3,485.00

200 X 250 yards 50,000 cu. yds.

Total cost per yard 7 cents

As an actual matter of fact, the cost at most plants

is much more than this. Sometimes the men are paid

yearly, whether they work or not. Frequently there is

not enough business available, so that, instead of operat-

ing steadily and excavating 50,000 yards, 20,000 or

30,000 yards will be the year's business, costing 12 to 17

cents per yard.

Screening Plants.—These plants require more careful

operation, and as they are generally dependent upon the

retail trade near cities and towns, the output is determined

not so much by the capacity of the plant as by the amount

of sales made. The daily expense is greater, on account

of the attention necessary to keep the screens clean,

operate the pump, dispose of boulders, etc., as well as

the necessity of maintaining some sort of an office and a

set of accounts. In view of these facts, the above figures

iwill be modified as follows:

200 X $15 $3,000.00

.Annual charge i ,000.00

Accounts and collections i ,000.00

Total : $5,000.00

Annual sales, average 30,000 yards

Cost per yard, screened gravel 167'^ cents

This figure is very conservative and can be attained

by proper management of a plant. At the customary re-

tail prices of 35 cents per yard, a profit of $5,500 per year

results. As most plants are managed by the owner, this

sum represents his salary and profits for the year.

.-V large plant, with a capacity and a demand for 400

yards per day, running at full capacity, will put out

screened gravel for as low as 10 cents per yard, and is a

very profitable business.

RAILWAY EARNINGS.

The following- are the railway earnings for

weeks of March :

—

Canadian Pacific Railway.

1016. IQI5-

March 7 $2,198,000 $1,667,000

March 14 2,258,000 1,731,000

March 21 2,281,000 1,738.000

Grand Trunk Railway.

March 7 $ 992,026 $ 852,151

March 14 957.542 857,147

March 21 067,233 857,937

Canadian Northern Railway.

March 7 $ 540,200 $ 428,700

March 14 538.000 412,000

March 21 549.ooo 421,700

the first three

+ $531,000
4- 527,000

+ 543.000

+ $139,875
+ 100,395
4- 109,296

-t- $111, 500

-I- 126,000

+ 127,300

A decrease of 44 per cent, in the operating costs for the

Schenectady, N.Y.. garbage plant is expected this year. The
difference is accountable to reduction of working staff and

efficient management.
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MOVING A SAND BIN.

By K. P. Muntz.

THE accompanying four illustrations show the

various stages in the moving of a large stone and

sand bin at Lock No. 2 on the Welland Ship Canal,

rhe bin is 50 feet long by 30 feet wide, 30 feet

high, and is capable of holding 250 cubic yards of sand

and a similar amount of stone. It supplied the aggregates

for concreting operations at Lock No. 2 during the latter

half of last summer. A relocation of the concrete plant

has since been decided on to mix the remaining 200,000

cubic yards required. This necessitated the removal of

the bin from its position alongside the construction rail-

way, opposite the south end of tiie lock, to a point about

1,000 feet further north and at a 30-foot lower elevation.

The construction railway parallels the canal centre

line at Lock No. 2. On the west slope of the lock pit a

track lies between the construction railway and the top

of tHe slope. This track was used by the contractors to

haul the dry material from the bin to the mixer; the mixer
being situated towards the north end of the lock on the

top of the slope and about 800 feet from the bin.

Fig. 1.—Hauling on the Level. The Double=track
Railway is in the Foreground.

The moving was accomplished by jacking the bin up
about two feet to permit a 60-ton steel gondola car to be

run under it, on the loading track mentioned above. The
weight of the bin was estimated at about 60 tons. Beams
were laid across the top of the car to carry the bin and
cables were used to tie the bin down to prevent swaying.
The steepness of the incline (shown in Fig. 4) onto the

trestle, which is the final location of the bin, necessitated

the placing of a racking cable and inclined struts in the
car to prevent the bin sliding.

The car carrying the bin was moved quite readily by
the 45-ton Kingston locomotive, shown in Fig. i. The
track was far from being in good condition and in one
place, where it lay directly on the top of the slope of the
lock pit, a flat car loaded with "plums," set on the con-
struction railway, was used as an anchor to prevent the bin
oxerturning. Elsewhere, any tendency to upset was
t.-iken up at once by the legs bearing on the ground, the
clearance being but a few inches.

The bin was lowered down the incline onto the trestle

by means of two sets of blocks and tackle; the two

together capable of lifting 80 tons. The free ends were
secured to two locomotives, one south and one north, on
the construction railway. Two heavy "dead men" held

the blocks at the top of the incline. The bin was lowered

by signalling the engines to come together. The rigging

Fig. 2.—Starting Down the Incline. The Track Shown
is a Siding from the Construction Railway.

of the lowering tackle and the moving and lowering of

the bin took about a day and a half.

The whole operation was performed without a hitch.

The bin was run out from the bottom of the incline to

the end of the trestle and jacked up again and the car
then hauled back.

The top of the bin is now at about the same elevation

as the top of the slope on which runs the construction
railway. The trestle is to be built to the same level be-

tween the bin and the slope, so that cars can be brought
out from the construction railway and dumped directly

into the bin.

Two 2-yard Ransome mixers are to be installed

under the bin. They will be fed direct from the bin and

r
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structure carrying the bin is built of piles driven about

10 feet to refusal. The trestle is built on the bottom of

the canal below Lock No. 2.

The work being carried on at Lock No. 2 is part of

section 2, of which Messrs. Baldrv, Yerburg;h and Hutch-

Fig. 4.—Showing Steepness of Incline onto Trestle, which

is the Final Location of the Bin.

inson are the contractors and Mr. H. M. Balfour the

resident engineer under Mr. J. L. Weller, C.E., engineer-

in-charge for the Department of Railways and Canals.

THE USE OF DREDGES IN EXCAVATING OPEN
DRAINAGE DITCHES.

SOME practical notes from a paper read before the

Iowa State Drainage Association by A. L. Golden-

star, of Mankato, Minn., will be of interest to

engineers in this country inasmuch as the employ-

ment of dredges for the work has received very little

attention here. The use of dredges has influenced the

design of the ditch to some extent. Engineers have

specified a cross-section which can be efficiently handled

by the machine. It usually has been a section with rather

wide bottom and steep side slopes. Side slopes of 3^ to

1 have been very common and some have been even

steeper. The arguments in favor of such a section have

been that the sides were expected to cave down and the

ditch would finally assume a section of its own that would
stand, and second, that there would be little trouble in

getting a contractor to dig the required section, because

it is the easiest and most natural one to cut with a dipper

dredge. But instead of the channel- becoming an ideal

one the sides are always rough and ragged, never cease

caving in and the ditch fills up above grade clogging up
the tile outlets that may be in it. The argument that

nature will form the proper form of channel seldom holds

good.

For the ordinary soils of northern Iowa and southern

Minnesota, i to i should be the minimum slope and i '-j

to I is often better. For loose, sandy soils even flatter

slopes than these should be used. In order to avoid ex-

cessive top widths with these flatter slopes the bottom may
be kept comparatively narrow. This will aid in making
the ditch self-cleaning. In standard railroad and highway
construction the slopes for excavation in cuts are never

less than i to 1 and i Ji to i is now commonly specified.

The slopes of railroad and highway cuts are exposed to

even less erosive forces than the sides of open ditches.

But the proper construction of an open drainage ditch

does not begin and end in specifying the right cross-

section. Means must be taken to create absolutely the

form that is desired. Where teams and scrapers can

be used it is comparatively easy to secure smooth

sides and bottoms without much hand labor. But

teams and scrapers can be used in very few places so we
must reckon with the dipper dredge or the dragline

machine. Dipper dredges cannot cut a smooth enough
or true enough side slope or bottom without the help of

hand labor. Then, also, these machines are usually

started at the upper end of a ditch and proceed down
stream. There are only two arguments in favor of

this method of procedure. The first is that it insures

a good supply of water that will lubricate the dipper and
make dumping easy, and the other is that it provides the

necessary amount of water to float a floating type of

machine. From all other points of view this method is

detrimental to the job. The machine is always digging

under water so that the operator can never see what kind

of slope he is digging. When the dipper full of material

is raised up through the water all the loose particles will

wash off to remain suspended in the agitated water until

the machine has moved on. Then this matter settles to the

bottom in the form of silt. The author has seen from 2 to

4 ft. of this silt in a semi-liquid condition behind a dredge.

It is usually assumed that this will all wash out with first

flood, but it never does. Keeping the ditch full of water
makes trimming of the sides by hand or any other means
impossible. The wet plastic material dropped on the spoil

banks settles so firm and tough as to make subsequent

spreading very difficult.

The dragline machine seems to be coming into more
general use now for wide open channels. Greater care

can be taken with this type of machine in cutting the true

cross-section channel. The sides can be left smoother
since a wide flat bucket is used. Also, the spoil can be

dumped over a wider area which reduces the amoiuit of

spreading.

Other types of exca\ator are being used, but only in a

few cases. The so-called "template" excavators are

made but experience with them is very limited in this terri-

tory. They still seem best adapted to dry land work.

In the light of the experience we have had with the

various dredging machines, we can say that there is room
for much improvement. The dredging machine is still to

be invented that will b}' its own work, without assistance,

make a first-class open drainage ditch. The kind of ditch

needed is the common sized channel with from 4 to i6-ft.

bottom. For the larger channels the present machines
ma)' suffice, but for the smaller ones they are not

satisfactory.

The first logical step to be taken in handling this

problem is to specify exactly the section that is desired

and then insist that it be built that way. This will foster

the designing of machinery that will build this section.

Whether the dipper dredge and dragline machine can be

improved to do this or whether some sort of a template

excavator must be invented that will move cheaply all

kinds of earth remains to be seen. At any rate, a change
must be made or we will continue making open ditches

that are a continual expense to maintain and never per-

manent. Instead of designing ditches that the present

machinery can build we should trj' to develop machinery

that can build the ditch that will stand.
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HINTS ON THH CONSTRUCTION OI VITRIMKI)
CLAY SHGINIBNT BLOCK SEWHRS."

AT tlie present lime, ilierc are on ihe market two
\ ilrified sewer blocks of different design, one being

. a single-ring block and the other a two-ring block.

The single block has a ship-lap joint on the ends

and a tongue and groove joint on the sides, while in the

double block, the laps and joints are made in the construc-

tion of the sewer and the blocks are placed one on top of

the other as in a two-ring brick sewer. The blocks are

hollow longitudinally with web braces. They are made
for sewers varying in size from 30 to 108 ins. in diameter,

and according to size, weigh from 40 up to 120 lbs., are

18 and 24 ins. long, are from 9 to 15 ins. wide, and are

from 5 to 10 ins. thick. Short lengths are also made for

convenience in construction and for use on sharp curves.

Special blocks are also made for connections and junctions

and consequently this type of sewer is as flexible as any
pipe, brick, or concrete sewer. The blocks are also made
for use in egg-shaped sewers, in which case, an extra

heavy base block is furnished.

In constructing the sewer with the blocks, the method
of excavating the trench does not vary from methods used
in constructing sewers of other types. If the soil exca-
vated is stiff enough to permit, the bottom of the trench
should be shaped to conform to the outside of the sewer,
thus forming a good foundation and eliminating excessive
tamping. A template may be used to procure this shape
as well as a means of guidance for laying the blocks. The
first block is laid in the centre of the trench to line and
grade and the blocks comprising the invert are laid to it.

.^s the blocks of the invert are laid up, care in back-filling

behind the blocks must be practised. The joints, both end
and side, must be mortared about 14' in. thick, and the
blocks must be laid broken or staggered. The joints of
the invert may be pointed up as they are laid. Careful
tamping on each side of the spring line behind the blocks
will give much added strength to the sewer and this tamp-
mg should continue to the second course above the spring
line. Wooden forms are used for the arch and are usually
placed a little bit higher than the required diameter in

order to allow a little wider space for the key block. The
blocks are then laid up on either side of the form, the key
block finally inserted, the form immediately removed, and
the arch will then settle into place and form the correct
diameter. Backfilling can then be started at once. In
laying these blocks, experienced bricklayers are not
needed, as the ordinary pipelayer can soon pick up the
art of laying the blocks. If wet and quicksandy condi-
tions prevail in the trench and sheeting is necessary, it

must be driven low and cut off and left in the trench be-
low the spring line. In cases where steel sheeting would
be used, very careful backfilling must be resorted to and
as the sheeting is slowly pulled, water' flushing must be
carried on as it is very necessary that a good bearing be
given the invert. In cases where the soil conditions in
the trench bottom are very bad, planks may be laid under
the (irst blo<:k or a cradle may be used for holding the
first few blocks. However, there are no disadvantages in
using the blo<-k in bad trench work not encountered in
using other materials, and it is claimed by some of the
engineers that have used them in bad trench conditions,
that they are to be preferred to any other type of material.

The cost of laying the blocks, of course, varies with
the cfiiciency of the contractor and his organization, and

*From a paper read before the annual meeting of Illinois
Society of Engineers and Surveyors, by J. M. Egan, Jr.

with the varying labor conditions. It should not excee<l

I cent per inch in diameter of the sewer per lineal foot
;

this to include labor of laying, cost of mortar, and back-
filling up to the spring line. The cost of the block is

moderate and has the advantage over the large sewer
pipe in that it takes a smaller freight rate, the breakage
in transit is exceedingly small, and the cost of handling
from cars to trench and in the trench is low as it is easily

a one-man job. The cost of the block sewer complete is

undoubtedly lower than the cost of either the brick or

reinforced concrete sewer, and on account of its lower
coefficient of friction, smaller sewers may be used with as

good results as larger sizes of the other two materials with
a consequent lowering of cost. There is only 7 per cent,

of surface exposed to the jointing material in the block
sewer as against 28 per cent, in the brick sewer, and the
highly glazed impervious block is certainly superior to the
ordinary sewer brick. Good speed in construction can be
made and it is not necessary to have much trench open
ahead of the block-laying and, as mentioned before, back-
filling can be done as soon as forms are lowered and the

work cleaned up generally as it progresses. All of these
points tend to lower the cost of this type of sewer w-ith

the advantage of giving a more eflficient structure.

Good connections can be made between segment block
sewers of different size as well as between segment block
sewers and pipe lines. The segment block sewer can also

be adjusted to fit sharp curves with very little loss of

efficiency. Special blocks are made for the small connec-
tions with the pipe molded to the block and in the large
sizes, four or six adjacent blocks are so molded in the

manufacture to permit of the entrance of the large pipe
and thus saves any cutting or chipping of the block on
the construction work. The matter of sub-drainage is

eliminated, as the ducts in the hollow block form a sub-
drain and the ground water is readily carried off.

These blocks, while being particularly adapted for use
m constructing storm and sanitary sewers, are also com-
mg into use as outlet drains for large farm drainage
projects instead of small open ditches. They can also be
used for service tunnels as well as for highway culverts.

Sewers of vitrified clay segment blocks have been con-
structed during the past few years in many cities in this

country and Canada.

Both internal hydrostatic pressure and loading tests

have been carried on in connection with this type of sewer
and the results of these tests may be obtained from the

manufacturers and testing laboratories, it being enough
to state here that the strength of the blocks have proven
ample and sufficient for the use for which they are made.
Examinations of segment block sewers have been made
after they have been in use for some time and the reports

are that they are in good shape and answering their pur-

pose in every respect. Perhaps one of the most critical

tests in actual practice was made at Louisville, Kentucky,
where a 72-in. diameter block sewer was examined after

it had been in ser\ice for two years, being located in a

trench 28 ft. deep. The examination showed that the

sewer was in perfect condition with absolutely no defects

either from abrasion or the weight of the fill above the

same.

The asphalt deposits found at Trinidnd and the Red Sea
are prartically pure bitumen.

Owing to the scarcity of box cars for shipping automo-
biles, an American manufacturer is using flat cars and gon-
dolas, ."^fter loading the cars on board, a heavy tarpaulin

is used to cover them, something similar to the English
method.



April 6, 1916. THE CANADIAN ENGINEER 415

WATER SUPPLY OF THE CITY OF ST. JOHN, N.B.

By R. FRASER ARMSTRONG, A.M.Can.Soc.C.E.,

Engineer and Superintendent Water and Sewage Department.

THE city of St. John, owing to geographical condi-

tions, is provided with two separate water supply

systems. The city is situated on the Bay of Fundy
at the mouth of the St. John River, which divides

it into two parts, the city proper being on the eastern and
the other part being on the western peninsula.

The eastern side was supplied with water by a com-
pany which was organized in 1836.

On the advice of a noted American engineer, Colonel

Baldwin, a small body of water called Lily Lake, in the

northeastern part of the city, was chosen as a source of

supply. The area is 27 acres and elevation above city

high-water datum is 80 feet. Construction commenced in

1S37 and the supply

was available to the

citv in October,

1838.

The works, as

then constructed,

consisted of a small

w-ooden-box conduit

which conveyed the

w a t e r by gravity

from the outlet of

Lily Lake to a steam
pump, which forced

the water through
10 and 12-inch cast

iron pipes to the

distribution reser-

voir. The supply
was of an intermit-

tent character, the

water being pumped
to the reservoir
three or four times

a week, and doled

out daily to the con-
sumers between the

hours of 6 and 8

a.m. and a sufficient

supply had to be
drawn during the two hours that the water was on to last

the balance of the day. When a fire occurred no water
was available at any hydrant until the water was let on
from the reservoir and the mains filled.

The system was not long in operation, however,
until it was discovered that, aside from the unsatis-

factory service, the water was not well suited for

domestic or steam purposes ; and the obtainable supply
altogether inadequate for the future requirements of the
city. These most undesirable conditions led to an investi-

gation being carried on to obtain not only a more potable
and copious supply but also a more satisfactory service.

The first survey made with a view to a change was con-
ducted by R. C. Minnette, Esq., C.E., then city surveyor.
It was found that good water could be obtained at Little

River at a point about 4V2 miles from the city in an
easterly direction, at what was then considered sufficient

elevation to supply the greater part of the city by gravity
for some years to come. Chas. W. Fairbanks, civil en-

gineer, of Halifax, was then employed to investigate and
report upon the proposed works. Mr. Fairbanks chose a

Fig. 1.—Concrete Dam at Lake Robertson.

site for a reservoir on Little River, recommended the

erection of a dam and the placing of a 12-inch cast iron

pipe from this point to the city. Construction work was
undertaken by the company in October, 1850, and in

September, 1851, the water was formally turned on to the

city from this new source.

The bed of the river at the point selected for the reser-

voir is 140 ft. above city high-water datum, the reservoir,

as at first constructed, having a surface area of about 37
acres, with a drainage area of about 9,500 acres.

The distribution reservoir was now fed by gravity,

but it was found in cold weather, when the consumption
on the lower levels was high, that the consequent increase

of friction in mains
caused pressure to

drop to such an ex-

tent that water
would not flow up
the Carmarthen St.

hill. This very evi-

dent lack of pres-

sure and the cholera

epidemic of 1854
aroused the citizens

to the necessity of a

more abundant and
potable supply of

water which would
be, in a measure,

under the control of

the city.

The outcome of

this was that under

an Act of Assembly,
commissioners of

water and sewerage
for the city of St.

John (East) and a

part of the parish of

Portland, wfre ap-

pointed.

The duties of the

commissioners were to take over, construct and maintain

the sewers and all works for the supply of water to that

part of the city of St. John lying on the eastern side of

the harbor and the water supply works of the urban por-

tion of the adjoining parish of Portland.

Several improvements in the inside distribution were
immediately undertaken, but the commissioners soon
realized that their system was inadequate for future re-

quirements, so, on the recommendation of the superin-

tendent, which was confirmed by James Slade, Esq., then

city engineer of Boston, it was decided to place a 24-inch

cast iron pipe main from Marsh Bridge to Little River,

the idea being that eventually this pipe would be extended

to Lake Douglas or to some source capable of adequately
supplying the city's requirements. The 24-inch supply

main was completed in 1857 and in the same year observa-
tions were taken to determine the capacity of Lake
Latimer, where an additional head of about 150 ft. could

be obtained. These observations satisfied the commis-
sioners that this lake could only be used for compensation
purposes or in conjunction with some larger supply scheme.
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Tlie citv was now supplied from Little River by the

two cast iron mains, the 24-inch and the old 12-inch.

By the placing of the new supply mai" I'le service was

much improved, but as the inside distribution was ex-

tended and consumption gradually increased, it was not

long before the friction losses demanded that additional

supply mains be considered.

With a view to increasing; pressure and also to dupli-

cating the large pipe running into the city, so that in case

of accident to one pipe the city would not be wholly with-

out water, it was decided to place another 24-inch supply

main, which work was completed in 1874.

The Little River reservoir, assisted at times by Lake

Latimer, while apparently being capable of furnishing an

abimdant supply, was not at a sufficiently high elevation

to supply water to the summits of the city. The incon-

veniences arising from this low elevation of- supply head

were aggravated during the winter by water being too

freely used in the lower levels, to keep services from freez-

ing. The number of consumers kept increasing from year

to year and such unwarranted quantities of water were
wasted that each year marked a decrease in the pressure

head tiirough the entire city. This lack of pressure de-

manded that either a pumping plant be installed or that

the supply mains be continued to some other source of

sufiicient elevation to assure adequate pressure over the

entire city.

For a time a portion of the distribution on the higher

levels was isolated and a water turbine-driven pump in-

stalled at Silver Falls. Within certain limits this pump
was satisfactory, but its capacity was too small to allow

for fire or any large demand and at these times it "raced."
This condition might have been relieved by having it

always pump against a definite head.

When the question of a gravity supply first came up
it was recognized that Loch Lomond would be the ultimate

source of supply, as the elevation, volume, softness and
purities of the waters presented strong arguments in its

favor and when the scheme of supply from Little River
was adopted, it was realized that this was only a unit of

a future larger scheme. The drainage area of the Little

River basin is about 9,500 acres or about one-third the

drainage of Loch Lomond.
In the year 1882 Gilbert Murdoch presented a very

comprehensive report to the commissioners, discussing at

considerable length the proposed schemes for improving
the water supply at that time. Mr. Murdoch practically

accepted Loch Lomond as the ultimate source, his report
being a consideration of the several routes of reaching
this lake. The routes considered were: (i) By way of

Lake Douglas ; (2) by way of Lake Donaldson ; (3) by way
of Lake Latimer. In summing up, Mr. Murdoch ex-
pressed the opinion that the Lake Latimer route was the
superior one and this route was ultimately adopted.

Loch Lomond is situated about io;4 miles from the
city in approximately the same direction as Little River
reservoir. Surface elevation about 300 feet above city

high-water datum, and area of Lower, Middle and Upper
Loch Lomonds, which are all connected, about 2,480
acres. This may be further increased by converting the
principal feeders (Lakes Otter, Terrio, Godsoe and
Chambers) into storage reservoirs, as could easily be
done were such required.

The drainage area comprises about 27,700 acres. The
water is soft and of a very superior quality.

Lake Latimer is situated about yyi miles from the
city in a line with the Little River supply, has a surface
area of about 210 acres, great depth, and an elevation

about 300 feet above citv hij^h-water datimi. Ilu- drainage

area is only about 550 acres, much of its water originating

from springs and the capacity of the lake is not sullicient

to supply the requirements of the city.

Lake Douglas is between Little River reservoir and

Loch I.Dniond, luing almost directly north of Lake

Latimer.

Lake Donaldson is between Lal^e Latimer and Loch

Lomond, being northwest of the present concrete dam
across the Mispec Ri\er, the outlet of Loch Lomond.

As the demand for a l)etter service on the higher

le\els became more insistent. Snow and Barbour, con-

sulting engineers of Boston, were called in to make a

report. In general, their report was a confirmation of

reports that William Murdoch had made in previous years.

The recommendations as given by Snow and Barbour were

adopted and they were authorized to prepare plans and

specifications for a water supply extension.

In 1905 these plans and specifications were accepted,

tenders for construction awarded and water has been used

from this source since 1906.

A concrete dam was built across the Mispec River,

the outlet of Loch Lomond, backing the water up and
forming what is now known as Lake Robertson. From
the dam a 4S-inch horse-shoe shaped reinforced concrete

conduit extends a distance of 6,916 feet and empties into

Lake Latimer, keeping Lake Latimer at approximately the

normal level of 298 feet above city high-water datum. A
39-inch horse-shoe shaped reinforced concrete conduit con-

veys the water from Lake Latimer to an open chamber at

Finney's Hill, a distance of 7,480 feet. The level of water
in this chamber is the head from which computations for

pressures in the city are made. From this point the ele-

vation of the ground drops rather abruptly and the water
is carried through a 33-inch diameter wood-stave pipe, a

distance of 9,880 feet, and the wood-stave pipe is con-

nected at the Little River gate-house through 400 feet of

36-inch cast iron pipe with the three cast iron supply mains
leading into the city, a distance of 23,000 feet.

The total value of waterworks of the city is nearly
two and a half million dollars. This includes the two
supplies.

THE CREOSOTE. INDUSTRY.

During the past year, according to the Victoria, B.C.,
Daily Colonist, a shipment of 160,000 creosoted railway ties

was made by the Dominion Creosote Company of Vancouver,
to India, for the Bengal and Northwestern Railway Company.
The Indian railways use annually large quantities of sleepers
which have been supplied from Australia, but as Australian
timber is becoming scarcer and prices are advancing, it is ex-

pected that the British Columbia product will come into more
demand.

Although the preservative treatment of wood industry in

British Columbia was established only five years ago, it has
had a steady growth, particularly in export markets. .At

present only one plant is in operation, that of the Dominion
Creosote Co., but a second is about to be established. The
former covers twenty-two acres on the north arm of the Eraser
River with river frontage of 1,300 feet. The company oper-

ates a sawmill with daily production of 55,000 to 60,000 feet

per ten hours ; a paving block mill with capacity of 1,600 yards

of block paving a day and a creosoting plant with two retorts

one hundred feet long.

The projected plant is that of the Vancouver Creosoting

Co. This company has secured a site with five hundred feet

of waterfront at North \'ancouver. and expects to build a plant

at a cost of $150,000 by .Xpril next.

Including the Dominion Creosote Co., there arc four pro-

ducing plants in Canada, the others being the Dominion Tar
and Chemical Co., of Sydney and Winnipeg; the Canada
Creosoting Co.. Trenton, and .Ale.v. Bruce (!t Co., Fort

Frances.
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THE HNGINEER AND THE WAR.*

By Walter J. Francis, C.E.,

Consulting Engineer, Montreal.

IT
is the engineer who harnesses the Niagaras of

the world to transform the night of our cities into

noonday and to turn the wheels of commerce.

It is the engineer who develops the mining and

furnishes the metal with which he builds machines

that, by their ingenuity, compel us to stand in awe and

admiration.

It is the engineer who produces the steel to form

a network of highways over our continents, and that

makes possible the myriads of floating palaces on our

oceans.

It is the engineer who has abolished famine and

pestilence.

It is the engineer who has annihilated distance with

his telegraph and his telephone.

It is the engineer who has made possible the con-

quest of the air.

It is the engineer who furnishes the worker in the

golden west with the machines whereby millions of

bushels of wheat are each year made ready to enter the

hopper that the engineer has constructed.

It is the engineer who has made the Canada of to-day

what she is.

Imagine, if you can, the cessation of all engineering

activities, the obliteration of the living engineers and the

death of engineering instinct, and our much-vaunted
present-day civilization is immediately plunged into the

darkness of the middle ages. In a century, engineering

spans the chasm between the messenger on horseback
or the beacon lights on the elevated places and the wire-

less telegraph service, the chasm between the ox-cart

or the caravan and the palatial Pullman trains, the chasm
between the wooden sailing vessel and the luxurious
floating palaces, the chasm between the powder-horn and
flintlock and the modern machine gun, the chasm between
the most primitive inanual labor and the most highly

organized mechanical processes. The steel industry, the

flj'ing machine and the under-water boat are all en-

gineering creations, and so modern in their conception

that it seems impossible to name any connecting link

with the past—they are new.

Who was the first engineer? I have a notion that

the first engineer was probably that simian who dis-

covered that the use of a stick enabled him to more
readily knock down the cocoanuts than by laboriously

climbing the tree. His object was to knock down cocoa-

nuts. The simians that gathered them up were doubtless

the first financiers. Of course, they encouraged the en-

gineer, and the engineer developed his apparatus for the

purpose of increasing the output. We have kept on in

the development—and the others have kept on with the

gathering in. The development has become so natural

and so universal that we have grown as unmindful of

it as of fine weather and good health and all the other

blessings of heaven.

From time immemorial, engineers have come forward
in times of war and have rendered signal service. Xerxes
sent his armies across the Dardanelles into Europe over

a bridge of boats. Darius cut a canal at the site of the

*.^bstract of an address before the Ottawa Branch of the
Canadian Society of Civil Engineers.

present Suez Canal to prevent the passage of the enemy
horde. The military roads of the Romans are still won-
ders of the constructive art. The stone cannon balls

and the "frightful noise" of the guns of the middle ages

are well worth .reading alx)ut. The fortresses over

Europe have withstood every attack until the advent

of present-day artillery. Naval supremacy has been

obtained by engineering development.

Doubtless the earliest application of modern en-

gineering to the problems of warfare is to be found in

the case of Khartum, where the foremost of Royal
Engineers raised the Union Jack in i8g8. Kitchener,

of Khartum, combinetl all the qualities of the soldier,

the organizer and the engineer. .Appreciating the futility

of hurling his soldiers into the desert melting-pot, he

decided to build the world-famous military instriunent

—

the Sudan Military Railway, whereby he was able to

transport not only the troops, but also everything for

their needs.. In this he was ably assisted by Bimbashi
Girouard—a Canadian, a graduate of the Royal Military

College, and one of the engineers on the construction

of the C.P.R., of whom Steevens had said: "Girouard

goes on building and running his railways—over five

hundred miles of rails laid in a savage desert, a record

to make the reputation of. any engineer in the world."

In the next war engineering played no less a part.

To South Africa went Kitchener, and with Kitchener

the solution of all the difficulties of transportation pro-

blems. Here the crafty guerilla warfare of those
"peaceful, pastoral people," the Boers, made serious

havoc with the railways. Embankments were destroyed,

culverts blown up and bridges torn down. A most com-
plete tnilitary organization was built up to cover the

territory by the Royal Engineers. The Imperial Military

Railway became a great institution with Girouard again

at the head. Included on the staff, in positions of great

importance, were Colonel H. S. Greenwood and Mr.
A. F. Stewart, both of the C.N.R., and well known to

many Canadians. The Royal Engineers did the whole
work thoroughly, without overlapping or loss of time.

To mention just one incident recounted in the official

report, "on one occasion (January ist, 1901), informa-
tion of a break near Wolvehock reached Major Lindsay

at Kroonstad at 2.30 a.m. The distance to the break
was 63 miles. Ne\erthe!ess, this distance had been

traversed and the break repaired by 8 a.m." In order

to get a proper estimate of the work of the field en-

gineers it is essential to remember that they are armed
soldiers, frequently carrying on their work under

enemy fire.

The Riglit Honorable David Lloyd George, the

Minister of Alunitions, in a speech delivered last summer,
is reported to have said that the present war is a terrific

contest between the engineers of the warring nations.

The object les.son so tragically taught by Germany has

aroused the other nations of the world to a keen appre-

ciation of the result of the application of engineering

energy to military purposes, ^^'hile Germany was, as

we all think, so misapplying a great part of her en-

gineering talent, the other nations had been devoting

their efforts to the development of the arts of peace.

\\"e have been forced to meet the exigencies of the situa-

tion, and to our military engineers and to the engineers

in civil life has fallen the task of overtaking Germany's
forty years of preparation, not only on the fields of

battle, but in the workshops at home. Two of the most

eminent military engineers of the world are in foremost

place.s—Lord Kitchener and General Joftre.
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The war is an immense work of cold, calculated

programme. Let us draw an analogy. A building con-

tractor, let us say, determines to carry out a piece of

work in a certain time. He calls his superintendent and

explains what is to be done and when it is to be finished.

The superintendent, in turn, calls his foreman and the

various interests to whom he looks for co-operation and

assistance. The materials are ordered. The laborers and

artisans start their w-ork—and the work is completed

according to the wishes of the master mind. It is all

a matter of mature forethought and cold calculation.

There is nothing of accident or haphazard trust-to-luck

haste. It is all carefully thought out ahead. The pro-

ceedings in the war are quite analagous, only on a stu-

pendous scale. Nothing happens by chance. The con-

stant care is to be in readiness at the necessary or

appointed time. I would not modify my analogy, but

would point out that Germany stands in the position of

a contractor with an organization complete and ready,

while the Allies have to be likened to one who may be

without an organization and have to build it up. King

Albert, the Belgian engineers, the engineers of France,

and the British Navy were partly prepared, or we should

not have the privilege of discussing the subject this

evening.

There was one at least of the Canadian engineers

who specially prepared himself in his spare hours for

the service of his country in time of need. The reference

is to Lt. -Colonel Charles H. Mitchell, General Staff

Officer in charge of the Intelligence Department of the

Canadian Army Corps in France. In a card recently

received from him, he says :

—

"The nice feature about my work is that after all

it's pretty much the same in its type as consulting en-

gineering—in fact, is the same if you substitute the Huns

for the forces of nature." And in a letter just received,

he says :

—

"It is strange, and yet very fortunate, what an

analogy there is between this work and my own pro-

fessional work at home. The general character of the

work, life and thought is similar, the assistants similar

and one's activities are quite the same—office work,

rejxjrts, analysis, correspondence, direction of investi-

gations, deductions, maps, outside tours of inspection,

constant telephone activity—all the same if you substi-

tute the enemy for the forces of nature. There is a dif-

ference, though. It is seven days a week from 9 a.m.

until II p.m. Our headquarters are in the Hotel De
Ville of this little city (about 12,000 people normally),

and it is really quiet and peaceful if one gets used to

the passing to and fro of thousands of men and hundreds

of motor lorries, motor cars, wagons, and so on, in the

day, and the recent aeroplane activity by the enemy, in

which he has been dropping bombs on various parts of

the town, railway station, flying aerodrome locality, and

not forgetting the cemetery. I had the misfortune last

Sunday to lose one of my best draftsmen, killed on the

street on his way to a noonday meal."

Canada is to be congratulated on the special ser-

vices required of her soldiers. Like Sir Percival

Girouard, Colonel Ramsay, of the C.P.R., has been

called to the front with a corps of railway constructors,

every man a specialist in a particular branch of railway

construction. He has since been followed by a second

corps,, and now other engineering parties are being

called for to render special services at the front. One
of the most unique of these parties is one armed with

broadaxes, and recently inspected by His Royal High-

ness in this city. In Flanders we can see them per-

forming their task fearlessly and faithfully. Under the

fire of the enemy they unflinchingly construct their

bridges and prepare their highways. With tireless energy
they minister to the needs and convenience of the nun
in the trenches. Anywhere, everywhere, their services

are required, and the special skill stands them in good
stead, for it must be remembered that in these bodies

of men are artisans of all classes. Among the classes

required by an engineer corps are bricklayers, car-

penters, draftsmen, mechanics, masons, wheelwrights,

shoemakers, clerks, drivers, chauffeurs, saddlers, plum-

bers and tailors.

The Canadian Society of Civil Engineers has nearly

five hundred of its members on the field of honor, and
some have made the supreme sacrifice. The whole of

the struggle is not on the battle-fields, nor, indeed, in

Europe. Soldiers must not be without ammunition. At

the outbreak of the war nobody in Canada knew how-

to make ammunition on a commercial scale. Metal manu-
facturing industries w-ere paralyzed by the interruption

of normal conditions. The Allies needed shells. The
Canadian manufacturers in a body rose to the occasion

and transformed the shops of the Dominion into shell

factories. The speed with which this transformation was
accomplished probably stands without a parallel in the

history of manufacturing. The Government appointed

as the head of a commission an engineer whose know-
ledge of the machine shops of Canada had been gained

from a lifetime in the work, following his father, and

in a few months the shops of Canada had learned their

lesson and were exporting shells to the Allies. In, recog-

nition of his services .Alexander Bertram was knighted

by His Majesty King George at the New Year.

The celerity with which new methods, new pro-

cesses and accurate measurements were put into practice

is a standing monument to the skill of Canadian manu-
facturing engineers. To illustrate, by a few figures, the

transformation which has taken place in one shop alone.

Prior to the war this engineering firm employed about

twelve hundred men and had a daily output valued at

about 830,000. To-day, the employees number five

thousand men and the value of the dail}' output is $200,-

000. It is a significant fact that the president of the

Canadian Society of Civil Engineers, as well as two of

the immediate past-presidents, are all, directl}' or in-

directly, engaged in the manufacture of ammunition.

Naturally, from the present conditions in Canada
we pass to the thought of the future. When the war is

over and when German militarism will have been crushed,

what of Canada? Already a new word has been coined

in the United States, "preparedness." President Wilson

recently said: "There may come a time when I cannot

preserve both the honor and the peace of the United

States," and the outcome of this movement has been the

appointment of a consulting board of specially chosen

engineers, composed principally of the representatives

from the five foremost engineering institutions of the

United States, the .'\merican Society of Civil Engineers,

the American Society of Mechanical Engineers, American

Institute of Electrical Engineers, American Institute of

Mining Engineers and the .\merican Chemical Society.

Its immediate work will be to make an inventory of the

facts necessary to be known to the army and navy re-

lating to the resources of the nation for the supply of

munitions of war in case of need. The French Republic

has organized a similar civilian board, and has raised it

to the dignity of a ministry, "Le Ministere des Inven-



April 6, 1916. THE CANADIAN ENGINEER 419

tions." Great Britain has also enlisted the services of

civilian scientists and technologists with a view to the

development to the utmost of the nation's industries for

the prosecution of the war.

Meanwhile the world struggle is becoming fiercer.

The engineers in civil life must attend to the production

and the transportation. The mines must be kepi pro-

ducing the raw materials and the factories the finished

products. The railways and the steamships and the

motor cars must take them to the front, where the mili-

tary engineers, amidst the inferno of shell and machine

gun fire, are doing their part under the old motto of the

Royal Engineers, "Everywhere," and continuing the

fight, led by the stirring war-cry, "\Miere right and

glorv lead."

CIVIL SERVICE COMMISSION OF CANADA.

The Civil Service Commission of Canada announces

that applications will be received for the following posi-

tion in the Inside Di\ision of the Ci\ il Service Commis-
sion of Canada :

—

A technical clerk in the Railway Land Branch of

the Division of the Interior, Sub-Division B of the Second

Division. The salary is $1,300 a year. Candidates must

be able to compile and check plans, be experienced in

preparing descriptions of lands, and able to conduct

technical correspondence relating to these subjects. Can-

didates should have had at least five years' experience in

work of this or similar nature or be graduates in science

of a recognized University, Applications are to be in

by the 17th of .A.pril next, and application forms may be

obtained from Wm. Foran, Secretary of the Commission,

Ottawa.

STRENGTH OF SLAG CONCRETE.

A series of very interesting and important tests has

recently been made at Columbia University, in New
York, in which concrete made from blast furnace slag

showed over 18 per cent, greater resistance to compres-

sion than concrete made of trap rock from the Palisades.

The slag used was recovered from the large slag dumps
of the Bethlehem Steel Company at South Bethlehem,

Pa., and marketed by the National Slag Company,
Newark, N-J., which has a reclaiming and crushing

plant at South Bethlehem. The tests were conducted

for the building departments of New York and Newark,
the Public Service Commission of the First District of

New York, the Ptiblic Utility Commission of New Jersey

and the Erie Railroad. Four tests were made in each

case of 8 X 16-in. cylinders of concrete of 28 days, 3

months, 6 months and 12 months' age, the concrete

made of sand from the same source and in the same
way. A I -.2 :4 mixture was used. The National slag

concrete of the 28-day period averaged 2,465 lb. per

square inch compressive strength, which was 24.8 per

cent, higher than the trap-rock concrete. The slag con-

crete of 3 months showed 3,496 lb. compressive strength,

or 18 per cent, better than the rock concrete; for 6

months the strength was 3,567 lb., and 16.9 per cent,

better than the rock concrete, and for 12 months, the

strength was 4,187 lb., against 3,547 lb. for the rock

concrete, or 18.4 per cent, better. National slag weighs

80 lb. per cubic foot and Palisade trap rock 100 lb. ; the

concrete with the slag weighs 140 lb. per cubic foot, and
that with the rock weighs 151 lb. per cubic foot.

NEW LABORATORIES AT OTTAWA.

T\\'0

new laboratories of special interest to engineers

have been installed by the Mines Branch at Ottawa,
descriptions of which have been given in recent

reports of the Mines Branch. One of these, the

ceramics laboratory, owes its existence to the great de-

velopment of commercial acti\ ities prior to the war, which
necessitated its establishment to investigate Canada's
resources in this line.

The commercial value of clay products in Canada may
be estimated from the following figures, collected through
the statistical division of the Mines Branch. The clay

products mentioned were manufactured in Canada during
the years 1912 to 1914.

— Production in —
1912. 1913- 1914-

Brick, common $7,010,375 $5,917,373 $3,653,861
pressed .... 1,609,854 1,458,733 i.n5>556
paying 85,989 75.669 49,627
ornamental.. 8,595 15,423 23,592

Fire-clay and fire-clay

products 125,585 142,738 107,568
Fireproofing 448.853 461,387 405, 543
Pottery 43,955 53,533 35,371
Sewer pipe 884,641 1,035,906 1,104,499
Tiles 357,862 338,552 366,340
Kaolin 160 5,000 10,000

Total value $10,575,869 $9,504,314 $6,871,957

During the year 1905 the importation of clay pro-
ducts amounted in value to $2,501,206, and it increased

Ceramic Laboratory—Dry GriniJing Pan and
Experimental Auger Machine.

to $6,760,762 for the year 1913, but dropped in 1914 to

$4,467,140, due to the war. In the year 1914, we utilized

clay products valued at $11,291,024, yet the returns show
that we imported over 39 per cent, of these products.

This simple statement shows that in 1914 we sent out of

Canada for these products alone, $4,419,067 which if it

had been held in our own country, would have meant the

investment of a large amount of capital, and would have
given employment to a large number of men.

It must not be concluded from this statement that

this very large importation is due to lack of raw materials

at home. Reports on the location and character of the

clay deposits of Manitoba, Saskatchewan, Alberta, Que-
bec, and the Maritime Provinces, issued by the Geological

Survey, show that Canada is rich in materials for an im-

portant ceramic industry. New deposits are constantly

being discovered and specimens sent to the laboratories.
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witli llic request that they state what use can be made of

the material. To merely send the owner of the deposit a

chemical analysis of his clay does not meet the case, since

chemical analysis is only a preliminary step in ascertaining

the fitness or unfitness of a clay for the manufacture of

any special product. Before a sound opinion can be

arrived at, as to whether a particular specimen of clay is

suitable for the manufacture of tiles, brick, terra cotta,

Structural IMaterials Laboratory, Showing Compression

and Tension .Machines.

sewer pipe, or other clay products, the specimen must be

submitted to a physical examination to ascertain the

character of the product as it comes from the kiln. It is

during this investigation that the problem, in many cases,

admits of solution, namely, how a clay, otherwise unfit,

may, bv special treatment, be rendered suitable for the

manufacture of a commercial product. To enable the

government to furnish this complete information regard-

ing clays submitted by prospective operators of clay de-

posits, provision was made for the establishment of a

ceramic division in the Mines Branch, with a properly

trained and experienced ceramic specialist in charge. The
completion and equipment of the ceramic laboratory was
accomplished during the latter part of 1915. Through the

activities of this Division, intelligent assistance will be

given to the manufacturers of clay products. It is ex-

fl
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BITUMINOUS ROADS.

»

Bv Robt. C. Muir, A.M.Can.Soc.C.E.

BITUMINOUS roads constitute a modern develop-

ment to meet both the actual needs under modern
traffic an3 the desires of modern civilization for

greater efficiency, comfort, satisfaction and better

sanitary conditions.

The introduction of the motor vehicle has greatly

changed the conditions under which a road exists. The
suction action of yielding tires is to remove the binder in

a macadam surface and thus expose the stone to the action

of traffic and the weather. There is then no longer a solid

mass to meet conditions and disintegration occurs. There-

fore, it is necessary to protect the macadam surface

against this action of high-speed vehicles. Of the various

materials which have been used in several types of roads,

there is none equal to bitumen in its ability to withstand

water, abrasion, and temperature changes.

There are three ways in which a road may be treated

with bitumen, namely: (i) Penetration method, known as

bituminous macadam
; (2) mixing method, known as bitu-

minous concrete
; (3) bituminous surface, known as

carpet coat.

A choice of these methods depends upon conditions,

traffic conditions being the chief factor in deciding which

of the three methods should be adopted.

Foundation and Drainage.—The necessity for stronger

foundations and to this end for the best possible sub-

drainage, seems to be generally accepted, especially by

those whose vision into the future is keen enough to per-

mit them to recognize the probable increase in demands
on the foundations, to be brought about by better sur-

faces and by the consequent growth in both the bulk and

weight of traffic as well as in its severity. A firm

foundation is an essential factor for permanent bituminous

surfaces.

Again, in bituminous macadam the binding action of

the bitumen tends to make the top course "spring" after

each passing of the roller and in that way the road never

can become firm with a yielding bottom course or

foundation.

Bituminous Macadam (penetration method of con-

struction).—On the prepared foundation, a layer of clean

stone, varying in size from i yi ins. to 2 ins. or 2 ins. to

3 Ins., should be spread to an uniform depth, usually 4

ins., loose measurement. This is then rolled only until

the stones have keyed together. On this surface prepared

bituminous material heated to about 375° F-, is applied at

the rate of 1J4 gallons per square yard. Following this

application stone chips are spread on the surface to fill the

voids, and in sufficient quantity to cover the surface and

permit the passing of the roller without adhesion of the

bitumen to the wheels. This is then thoroughly rolled

until the surface is uniform and hard. The squeegee or

seal coat of bituminous material is then applied at the rate

of yi gallon per square yard, followed with an application

of stone screenings from ys in. to j4 in. in size, clean, dry

and free from dust, sufficient to take up all excess bitu-

minous material. The whole is then rolled, and by the aid

of brooms and the adding of more screenings if necessary,

a uniform hard and smooth surface results.

With this method of construction the question of size

and shape of stone is supposed to be an important point.

It is not so much the size as a practical uniformity in size

that is essential. That is to say, if the smaller stone run

*Read before the Conference on Road Construction,
Department of Highways, Ontario, 1016.

about i}( ins. to ij4 ins., then the larger stone should not
be greater than 2 J^ ins. On the other hand, if the smaller
stone is 2 ins. in size, then the larger stone may run 3 ins.

The point is that a wide \ariation in size of the stone
causes an irregular delivery ; one load may run all fine and
the next load all coarse stone. This condition is detri-

mental to the surface of road. The best results have been
obtained by the use of stone passing a 2}4-'i.n. screen and
retained by a ij's-in. screen, with stones breaking cubically
with fairly rough surfaces and with sharp angles.

Still another important factor affecting a bituminous
road is the sufliciem^y of the rolling given, as also in the
case of a waterbound macadam road. It is fully recog-
nized that with waterbound macadam roads, the utmost
pMDssible compaction and interlocking of the stone by roll-

ing is necessary for first-class results. Hence, let us all

remember the saying, "Rolling is the life of the road."

The proper selection of the bituminous inaterial for

use under this method, or under any inethod, is a serious

one and is influenced by many conditions other than
method of use, such as price, soil, weather and traffic con-
ditions, conditions likely to prevail regarding after-

maintenance and cleaning.

The use of unrefined tars has been found unsatis-

factory and has been practically abandoned. It is gener-

ally agreed that the presence in the tar of more than a

minimum of water or ammoniacal liquor renders it unde-
sirable for this method of use; that certain amounts of

"light oils" are necessary for giving the desired fluidity

in handling; that a good proportion of "heavy oil" is

necessary in order that the tar may retain the longest

possible life in elasticity after use, and under the effects

of weather and traffic as well as for giving the body to the

tar asked by this method ; and that a limited amount of

"free carbon" may be advisable in order to help to give

body to the tar and to assist in reducing its susceptibility

to changes in temperature. This "free carbon" may be

either the natural fraction of the tar or it may be added
foreign material, such as Portland cement or finely

powdered limestone.

Some surfaces built by this method with a low carbon

tar have improved as fine material was supplied by traffic.

It is acknowledged that uniformity of penetration is

desirable. To this end, as well as for the sake of economy,
efforts have been made to supplant the early system of

hand-pouring by some mechanical distribution of the bitu-

minous material. Some very successful machines have

been devised for the purpose and it seems generally agreed

that the best results under this method are secured by the

use of such appHances distributing the tar under pressure.

An excess of bituminous material will give a surface

which will become wavy under travel, and a similar effect

is produced by material containing dirt, which does not

permit enough penetration. In cases of unequal distribu-

tion, which is more likely under the hose application than

in the method described, lean spots break up and go to

pieces, while fat spots bunch up and form bumps. If the

lower course is not filled, the hot bituminous material

penetrates too far, with consequent loss of material in the

surface.

Cost.—The usual variations in cost, resulting from

different local conditions, have been present with pene-

tration as with any other method.

However, it may be stated that with labor and ma-
terial at average prices and work within reasonable dis-

tance from railway station, the cost for constructing a

bituminous macadam road, in manner described, would

be about 35 cents per square yard over and above the cost

of building a waterbound macadam road. .\ decrease in
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this cost may be looked for as proficiency in practice and

as mechanical appliances for the work are developed.

Bituminous Concrete (mixing method).—This type of

construction has caused a great many disputes owing to

the fact that there is a certain patent covering the use of

stone and bitumen mixtures under certain specification.

However, it has been pretty well established that if the

maximum size of stone is not any greater than J^-in., and

furthermore, if less than 10 per cent, is retained at J^-in.

screen, regardless of the method of grading of mineral

aggregate which will give the densest mixture there is no

infringement of the above-mentioned patents.

This method of construction is well adapted to the

improvement of an old macadam road where it is desired

to introduce a belter pavement at a minimum expense

under moderately heavy traffic conditions. It is more ex-

pensive than the penetration method, but is more certain

in its results, and more suitable for heavy traffic. This

method involves a considerable expense for machinery,

namely, heating and mixing plant, and with its first cost,

as before stated, has led to the development of the pene-

tration mctliod.

Construction.^The mineral material composing the

wearing surface is mixed with a sufficient quantity of bitu-

minous material, approximately 15 gallons of tar to i

cubic yard of material (stone). This mixing is usually

done at a plant off the roadway itself and even some dis-

tance from the road, though it is preferred that mixing be

done on the work.

One of the most common mixing and heating outfits

is the Link-Belt portable plant. This machine is 27 ft.

long and weighs about 17 tons. Practically all of the

mechanism is housed in. This plant consists of melting

kettles, a dryer, a dust blower and a mixer. The material

is shovelled into one end of the machine, passes through

the dryer and thence into the mixer, where it is mixed

with the bitumen. The power for operating the machine is

obtained by belting it to a tractor or road roller. The
heat for the dryer, the melting kettles, etc., is obtained

by means of fire boxes underneath the machine, in which

coal is burned as fuel ; the hot air passing around the

various parts of the machine.

The mixture should be put on the road at a tempera-

ture of not less than 220° F. The prepared foundation

should receive a slight sprinkling of the bituminous ma-
terial as a binder coat. On this foundation the bituminous

concrete is laid and raked into place and then thoroughly

rolled with a lo-ton steam roller, until no further impres-

sions occur, to desired thickness, usually 2]^ ins. Some-
times a lighter roller is used. This surface is then given

a seal or flush coat of hot bituminous material, about }^
gallon per square yard, and covered with fine stone screen-

ings and again rolled. In places of this flush coat the

surface is sometimes dusted with a coat of Portland

cement to fill any surface pores.

With this method a maximum density is sought, using
stone carefully graded from fine to large. The require-

ments of engineers vary to a considerable extent, due to

different kinds of aggregate employed ; in some cases, one
size crusher-run stone is used; again, combinations of

broken stone and sand are used. The following specifica-

tion is adopted in many places in the United States

:

Passing lo-mesh sieve.... i.o per cent.

Passing '^-inch sieve.... 5.5 per cent.

Passing J'^-inch sieve.... 30.8 per cent.

Passing 54-inch sieve. .. .34.2 per cent.

Passing i-inch sieve. .. .23.4 per cent.

Passing i J/^-inch sieve.... 8.1 per cent.

Cost.—The average cost per square yard for this

method is about 60 cents over and above waterbound

macadam.
The advantages claimed for this method (mixing) are

uniformity of surface and of composition of same, maxi-

mum value of surface for materials used, economy in use

of materials, maximum life of surface and economy of

results.

Carpet Coat (bituminous surface).—Surface treat-

ments may be divided into two principal classes, based

upon the material used, namely, (i) Those in which tar is

used; and (2) treatment with oil.

The method of surface treatment is only applicable to

road surfaces already finished by other methods—usually

to old or new waterbound macadam.
Two classes of tar are commonly used, one a refined

coal tar with a comparatively low melting point, but not

fluid at ordinary summer temperatures ; the other a refined

coal tar which is fluid at ordinary temperatures.

The tar surfaces have the advantage of being much
cleaner than oil surfaces in wet weather. The oil surface

being softer and more adhesive, holds the dirt and dust

upon the surface, while the tar hardens and nothing ad-

heres to it.

The tar road for this reason maintains a better aver-

age condition throughout the year than an oiled road. On
the other hand, a tar surface is more slippery than the oil,

and will, in cold weather, harden and crumble to an extent

depending on the season and the kind of traffic.

The use of the first class of tar is more suited to roads

of fairly heavy traffic than the second class of tar. Two
coats of the latter class give about the same service as

one of the first class, and at about the same cost.

The method carried out in this treatment is to clean

the old surface of road to be treated free from all dirt and

fine material. After such cleaning and when surface is

dry, the tar is applied at a temperature of about 180° F.

from a tank wagon drawn by steam roller, in a manner
described in penetration method. A steam pressure of

about 10 lbs. per square inch is applied to the bituminous

material. This also keeps the tar hot. This surface is

immediately covered with stone screenings, or preferably

pea gravel, and rolled. This forms a hard crust, is firmly

bound to the surface, and resists all abrasion from motor

cars. Where heavily loaded, iron-tired wagons use this

type of surfacing, the crust has a tendency to break up,

especially in cold weather, and an annual treatment is

necessary and will maintain the road in excellent condition.

The amount of tar used is usually y^ gallon per

square yard.

The cost of this treatment varies from 8 cents to 14

cents per square yard ; even as low as 6 cents per square

yard has been recorded, including material and labor.

The advantages claimed for this method are simplicity

of work, economy of first cost, and in many cases,

economy in the long run, lack of serious interruption to

use of road, ease of repairs and renewal.

Satisfactory results have been obtained under this

method, and it is Relieved that it offers an easy and eco-

nomical way of revivifying a macadam or gravel road
otherwise about to need resurfacing at a far greater cost.

Snow removal this winter in New York City has cost
$1,150,000. The regular contractors' outfit engaged on the
work totalled 2,500 men and 1,200 carts. The emergency
gang was composed of 9,000 men, besides the 3,000 regular
street cleaners. Motor =now plows to the number of 120 aided
in the work. Wherever possible the snow was disposed of

in sewers.
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Placing Concrete in Frosty Weather.

Sir,

—

In your issue of February 24th there appears

an article entitled "Concrete Pipe Tunnel, N.T.R.,

Quebec," by Mr. C. V. Johnson, A.M.Can.Soc.C.E.

This article is exceedingly interesting in that it deals

with the question of depositing concrete during frosty

weather—a subject which, in this country with its long

and intensely cold w-inters, is one of supreme importance.

That concrete in large masses, such as heavy dock walls

or bridge abutments, may be safely deposited during

periods of considerable frost, provided that precautionary

measures are taken, is fairly well established ; but a special

interest centres in Mr. Johnson's article because the work
described was a pipe tunnel having side walls only 12

inches thick, and floor and covering of slabs only 6 inches

thick ; and the article is rendered really valuable because

the author gives the lowest temperature during which

concrete was deposited, describes fully the precautions

taken to insure the safety of the work, and is able to give

assurance that no bad results followed.

It is just this point—the completeness of the informa-

tion given—which has led me to trespass upon your

columns in order to direct attention to the necessity for

this completeness on the part of engineers who describe,

in your columns or elsewhere, works which they have

carried out, if these descriptions are to be fully and last-

ingly valuable.

The question of depositing concrete during frosty

weather is one which at present appears to be in a some-

what unsatisfactory condition. Different engineers have

varying opinions as to the limit of temperature, and the

precautions necessary, and in practice this frequently

works out as little better than "rule of thumb," or the pre-

carious judgment of the moment. As stated above, it is

fairly well established that concrete in large masses may
be safelv deposited during frosty weather vmder certain

precautionary conditions, but it would be highly desirable

if this could be narrowed down so as to establish a lowest

permissible temperature, and to define the precautions

necessary during the mixing and after placing the con-

crete, so that some approach to uniformity in practice

might be attained and the conditions, the result of sure

and certain knowledge, laid down in the specifications

when tenders for work are invited.

Similarly there could be established the lowest tem-

perature at which it is safely permissible to build in brick

or stone, in which, of course, the mortar is applied in thin

layers.

.At one time, the present writer was engaged for some
12 years in the construction of dock, harbor and pier

works on the northwest coast of England. These works
were almost entirelv carried out in concrete and stone-

work. The setting of stone masonry was stopped as

soon as the temperature reached the freezing point ; and

no concrete was allow-ed to be deposited, even in large

masses, after the temperature had reached 4° below freez-

ing point, or 28° Fahr., and only then when the newly de-

posited concrete would be immediately covered by the

rising tide, and remain submerged for several hours. Of

course, no precautionary measures, such as heating the

materials, were taken, though occasionally the sea-water

was used in mixing the concrete. It need scarcely be

added that under such conditions none of the concrete ever

showed any signs of deterioration from the effects of

frost ; but it is quite clear that such extreme caution is un-

necessary, and would be well-nigh impossible or imprac-

ticable in this countr>\ By heating the materials and pro-

tecting the new work concrete may safely be deposited at

a much lower temperature than 28° Fahr., and it only

remains to establish the lowest temperature and the pro-

tective measures necessary under the extreme conditions.

There must be many engineers in the country who
have had large experience in this matter, and who, doubt-

less, have much valuable and detailed information in their

possession. If such engineers would publish more freely

the results of their experience in full detail, and if these

details of various conditions and results were collected and

made readily accessible, something approaching the

lowest permissible temperature and the necessary pro-

tective measures might be reached.

The thought suggests itself that the preliminary step

—that of collecting exact information—might very pro-

perly be taken by the various branches of the Canadian

Society of Civil Engineers, each branch working amongst

its own members, .\fter this, the results might appear

in the transactions of the parent Society, and the informa-

tion would thus be placed in the hands of the great

majority of engineers throughout the country.

JOHN B. HARVEY, M.I.C.E., M.Can.Soc.C.E.

Ottawa, Ont., March 28th, igi6.

Stresses in Lattice Bars of Channel Columns.

Sir,—We may distinguish between the loads that

lattice bars normally carry and the loads for which they

should be designed, in order to make the design of a

column consistent as a whole. It is the latter problem

that Mr. Pearse has sought to solve.

It may be well to review briefly what we know re-

garding the actual stresses in the lattice bars of columns

that have been tested and what bearing these results have

upon design.

In Bulletin 44, Talbot and Moore give results of

three tests of the lattice bars on each of two columns.

Column No. i was of steel built for the tests and designed

slender to show the phenomena expected. It had two
plates 20" X 3-g'', four angles 2" x 2" x I4", and two rows

of single lacing. Column No. 2a was of wrought iron

and had seen service in a railway bridge. It had two

channels 10" 3olbs., and two rows of double lacing.

The strain gauges were attached to the lattice bars in such

a way that they gave the average strain over the entire

section of each bar in the gauge length used. For the

five bars that showed the highest stress in each test the

authors of this bulletin estimate the equivalent ratio of the

transverse shear to central column load as follows :
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such load. In general, we should expect the channels to

be bent rather irregularly.

It may be worth while to point out approximate re-

lations between these loads and the channel deflections.

Let us take the channels given in Pearse's table, same

distance between channels, with two rows of single lattice

bars inclined 60 degrees with the column axis. Take the

channels initially straight and let one of the channels be

deflected o.ooi inch by the lattice bars attached to one

point of one channel flange, this deflection being forcibly

caused by the lattice bars. If we consider the channel as

acting like a simple beam of two panels length loaded in

the middle, we find the force in each lattice bar to be

rather more than 100 lbs. for this small deflection. If we
consider the channel as a continuous beam extending over

several panels, it is evident that the lattice bar load will

be considerably increased; in* making an approximate

solution by means of characteristic points I found the load

for each lattice bar to be about 250 lbs.

One can estimate the maximum deflection that these

channels can take before they reach the yield stress ; using

a yield stress of 30,000 lbs. per sq. in., my estimate for

this is approximately o.ooi inch for each inch of depth of

the channel. After these values have been checked, they

can be used to estimate the maximum possible fabrication

loads of the lattice bars of channel columns.

It will be noticed that these fabrication loads cannot

be determined by strain gauge measurements upon
columns under test loads ; they may be estimated by

means of such measurements made at the time of fabrica-

tion ; I do not know if such tests have been tried.

If a single lattice bar is too long or too short by o.ooi

inch it will tend to throw the"channels out of line, and in

the above set of channel columns, this bar will carry a

load of about 125 lbs., the channels being regarded as

continuous beams. Since this sort of an error throws the

channels out of line, this bar will have to carry a portion

of the column load. If the error in the bar is 1% of its

length, the load in this single bar due to column load is

about %% of the column load.

It is to be hoped that fabrication stresses will receive

much more attention in the future than they have hereto-

fore received. It is believed that their investigation will

reveal many of the reasons why we must use large factors

of safety ; they may show that our factors of safety as

now used are not appropriate to the several structural

members.

By way of summary of the views presented above, we
may say that it seems improbable that any one formula

can now be written for lattice bar loads that will give ap-

propriate results for all conditions ; that in assigning

lattice bar loads to be used in the design of some particular

set of columns it may be appropriate to express the lattice

bar load by three terms: (i) the first term may depend
upon the carelessness of fabrication and upon the stiffness

of the main members of the column
; (2) the second term

may depend upon the carelessness of fabrication and upon
the column loads ; and (3) the third term may depend upon
the general proportions of the columns ; while the sum of

the second and third terms should not be smaller than

another term which may depend upon the general propor-

tions of the columns and upon the rough handling to

which they may be exposed in transportation, erection,

and use.

O. H. BASQUIN,
Professor of .'Applied Mechanics,

Northwestern University,

March 27th, 1916. Evanston, 111.

EFFECT OF ALKALI ON CONCRETE.

The engineers of the United States Reclamation

Service are investigating the effect of alkali waters and

soils on concrete. In the Reclamation Record for Feb-

ruary some preliminary conclusions are presented. Sul-

phates, especially of magnesium and sodium, were found

to be the most active in producing disintegration.

Two extreme cases may be cited in the Sunnyside

and Belle Fourche projects. Of a number of test speci-

mens exposed on the former no disintegration was ob-

served at the end of about eleven months, with the ex-

ception of a specimen containing a soap and alum solu-

tion in the mix. The specimens were all of a i :3 :5 gravel

mixture. Furthermore, none of the concrete structures

on this project have been affected. On the other hand,

various mixtures exposed on the Belle Fourche project

were all found to be disintegrated at the end of eight

months, with the exception of a 1 :2 mortar specimen,

which was not affected. Concrete structures in this pro-

ject have also been disintegrated by alkali.

."Analyses of samples from the Belle Fourche project

show magnesium and sodium sulphates present in strong

solution, with the former predominating, and samples

from the Sunnyside project show sodium sulphate only,

and in much lighter solution. As a general proposition,

it must for the present be concluded that in locations

where alkali containing these salts is present, special

precautions must be taken to prevent its possible action,

unless experience with structures previously built has

shown no deleterious effect,'

Lean mixtures of concrete are more susceptible to

disintegration than rich mixtures, and those which are

scientifically proportioned as regards cement and aggre-

gate give the best results. This is to be expected, as

with scientific proportioning the percentage of voids is

reduced to a minimum, thereby preventing seepage ol

the alkali-laden water into the body of the concrete.

Experiments have shown that the more nearly im-

pervious the concrete the less it is disintegrated by

alkali. It is a natural deduction, therefore, that water-

proof concrete will resist alkali action. Such concrete,

under certain conditions, may be difficult to produce.

Laboratory experiments have shown that it is possible

to produce concrete that is practically impervious to

water up to 50 to 75 lb. per square inch pressure, and

satisfactory results have been obtained in the production

of an impervious concrete in the field on structures where

special care was taken toward that end.

There are numerous patented waterproofing com-

pounds on the market ; there are also being manufactured

several so-called alkali-proof cements. A number of

these have been tested, but the results have not been

any better than those obtained with straight Portland

cement. Sand cements also have so far shown no

superior alkali-resisting qualities. J. Y. Jewett, cement

expert, gives his tentative opinion "that with good

cement, with care in the selection of suitable aggregates,

with proportioning to produce a rich, dense mixture, and

with proper methods of mixing and placing, it is pos-

sible to produce a dense, impervious concrete that will

withstand the alkali action under ordinary conditions

without the use of any special materials for waterproofing

purposes." With fairly rich concrete an impervious skin

of neat cement or rich mortar, such as is produced by

working a flat spade between the concrete and steel or

surfaced wood forms, will no doubt also have a decided

effect in resisting the action of alkali.
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Orilliu, Ont.— Tlic new lillralion plaiil whicli has been

under const lucl ion lor the last year and a half, has been

put in operation.

Quebec, Que.—The new Transcontinental shops are

nearly completed. The machinery for the power plant

only remains to be installed.

Vancouver, B.C.—.V movement is on foot to establish

an inter-provincial road to link up the coast with the

Okanat;an and Kootenay valleys.

Belleville, Ont.—In the annual financial statement of

the waterworks department a net profit of $74,000 is

shown for fifteen years' operation.

Fredericton, N.B.—.\ bill is before the legislature

whose purpose is to compel the Street Railway Company
to extend their lines in the parish of Simonds.

Hamilton, Ont.—The city council has definitely put

itself on record as being favorable to an overhead bridge

as an entrance for the Toronto-Hamilton highway.

Sarnia, Ont.—Leakage in services and mains of the

waterworks is costing the city $25,000 per year. It is

proposed to have a pitometer survey made to locate the
leaks.

London, Ont.—New machinery installed at Spring-
bank dam is capable of pumping 3,000,000 gallons of

water per day and can be used as a power generator when
needed, developing 200 horse-power.

Ottawa, Ont.—The plans for the future layout of

Ottawa and Hull, which have been prepared by the
Federal Town Planning Commission, are on exhibition
under the auspices of the Ottawa Chapter of Architects.

Quebec, Que.—It is expected that the new Bickell
bridge will be opened to traffic by May 15th. The
structure is of the bascule type and weighs 200 tons. Pro-
vision is made for electric railway, horse and foot traffic.

Guelph, Ont.—Spring floods endangered the big con-
crete bridge over the Speed River, when a portion of the
dam immediately above the bridge was washed out,
throwing an immense amount of water against the road-
way at the end of the bridge and undermining it.

Ottawa, Ont.—The government has passed an order-
in-council prohibiting the export of nickel to any but
British countries. The order applies to nickel, nickel ore
and nickel matte. It is likely that the International Nickel
Company will establish a plant in Nova Scotia for refining
purposes.

Montreal, Que.—.A. petition was presented to the
Superior Court by the Mountain Sites, Limited, asking
that the city be compelled to fulfil its obligation made
when Cote de Neiges was annexed to the city in 1910 by
which the city was to open a street from Snowden Junction
to Liesse Road.

Halifax, N.S.—At a luncheon meeting of the Rotarv
Club held recently H. R. Mallison, of the Nova Scotia
Tramways and Power Company, Limited, described the
plans of his company as regards their power development
at Gaspereaux. The turbines will have an effective head
of 440 feet behind them and will develop 16,000 h.p.

Toronto, Ont.—The proposed new agreement to be
entered into by the York Township Council and the
Ontario Hydro-Electric Power Commission relative to the
operation of the system in York Township has been dis-
cussed by the council with representatives of the commis-
sion. The agreement has been practically closed and it

is expected that its passage will greatly facilitate the in-

stallation of extensions, etc., in the township. Undir tjie

old method power extensions for either domestic or street

lighting purposes were made by the city following the ap-

proval of the Ontario Commission.

ELECTIONS TO MEMBERSHIP IN CANADIAN
SOCIETY 01 CIVIL ENGINEERS.

At a meeting of the Council of the Canadian Society

of Civil Engineers, held March 21st, the following were
elected to membership :

—

Members.—Binnie, .\lex. Thos., Victoria, B.C.;

Brace, Jas. IL, New Vork City; Hamilton, James, Ed-
monton, .\lta. ; Ogilvie, Noel John, Ottawa; Teele, Fred
Warren, Hudson, Mass.

Associate Members.—Augustine, Alpheus P., Pentic-

ton, B.C. ; Barnes, Harry F., London, Ont. ; Blackwell,

R. H. Holden, Toronto; Burfield, Francis Robt., Calgary,

."Mta. ; Chapman, Alfred Saunders, Calgary, Alta. ; Craig,

John C, Vancou\er, B.C. ; Dauhney, Chas. Bruce, Port

Nelson, Man. ; Douglas, Ralph H., Edmonton, Alta.
;

Edwards, Chas. Peter, Ottawa; Gorrie, David F., Win-
nipeg; Hodgson, Jos. Pollard, Vancouver, B.C.; Stam-
ford, Wm. Leonard, Victoria, B.C. ; Worthington, Wm.
R., Toronto; Wright, Clifton M., Barbados, B.W.I.

Juniors.—Cox, O. S., Halifax, N.S. ; Dodge, Clinton

Lowell, Strathmore, Alta. ; Hughes, Hamilton Cleaver,

Vancouver, B.C. ; Keefer, Jos. Alex., Victoria, B.C.
;

McColl, Samuel E., Winnipeg; Weeks, Stephen F.,

Vancouver, B.C.

The following transfers also took place:

—

Transferred from the class of associate member to

that of member—-Young, Frank Moses, Fort Steele, B.C.

Transferred from the class of junior to that of asso-

ciate member—Crawley, Edmund A., Winnipeg.
Transferred from the class of student to that of asso-

ciate member—Saint, John B., V'ancouver, B.C.
Transferred from the class of student to that of

junior—Plummer, .\lex. Alfred, Vancouver, B.C. ; Taylor,

W. Harold, \\'innipeg.

SLIDE RULE FOR SPECIFIC SPEED OF
HYDRAULIC TURBINES.

A new calculating device in the form of a slide rule has
been issued by the Wm. Hamilton Company, Limited,
of Peterborough, Ont., manufacturers of hydraulic tur-

bines. The slide rule is used for determining the specific

speed or type characteristic of a hydraulic turbine runner.
The specific speed is the revolutions per minute which
would be attained by the runner if it were reduced in all

dimensions to such an extent as to develop i h.p. when
working under a head equal to i foot.

The slide rule is well made of white celluloid with black
figures and is contained in a handy pocket case of imita-

tion leather.

Water softening- by electricity, especially as regards boiler
feed water, is attracting the close attention of .American engin-
eers. .After the softening compound has been added to the
water it is circulated past parallel electrodes which are placed
close together in order that as much of the water as possible
may be brought in contact with the surface of the plates.
The ionising properties of electricity separate the compounds
into their components, thereby hastening the recombination to
form percipitatcs, which are easily removed. Ten million
gallons of water per day, it is stated, may be treated with
only 4R0 watts per million gallons.
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MAKING GOOD=WILL A REAL ASSET.

Good-will is an item that often means little or nothing

in a firm's balance sheet. A century ago, when but few
firms were in each line of business in any town or city,

good-will was a real and tangible asset in nearly every

well-established store and factory. Changes in methods
of competition ; the growth overnight of huge concerns,

with great resources ; amalgamations
;
price agreements

;

the large number of sellers in every line,—these and other

influences have reduced good-will to a mere figure of

speech in many cases.

However, occasionally one happens upon a firm that

has, by painstaking processes, built up real good-will.

Uniform courtesy in all transactions is generall}' tound to

be a strong factor in such cases. A representative of The
Canadian Engineer recently called at one factory in the

United States where "good-will" will certainly some da^

be a valuable asset, if, indeed, it is not so already. The
call was upon the A. P. Smith Manufacturing Co., of

East Orange, X.J. The object was to secure an adver-

tisement of their water-tapping machines. The advertise-

ment was not forthcoming at the time; yet, because of

the great courtesy with which he was received, the paper's

representative, when leaving the factory, was nearly as

happy as if a full page weekly contract had been signed.

Immediately upon entering the reception room, he

was greeted by the following sign, giving most specific

information, and radiating hospitality and good-cheer:

—

INFORMATION

Our correct name is THE A. P. SMITH M.\NUFACTURING COMPANY.

Our mail address is Norman and Lawrence Streets. E.\ST OBANGE, N. J.

Our shipping address is in all cases to be taken from our purchase order form.

Our telephone number is ORANGE SIX THOL'SAND.

We make valves, hydrants, lapping machines, valve inserting machines, lead melting

furnaces, corporation and curb cocks, repair sleeves, pipe cutters, calking machines,

meter testers, removable plugs, pipe indicators, etc. A broad description ol our line

is GENERAL SUPPLIES AND SPECIAL TOOLS FOR \V.4TER WORKS. In addition

to the above, we do general machine work, make patterns, and castings in iron, semi-

steel, brass, bronze, aluminum, etc.

The officers are as follows;
D. F. O'BRIEN. - - Preudeiil M. G. PERKINS. • Vice-Presidml

T, F. HALPIN. - - Secretary P. A. SMITH. - - Treasurer

All of the above, except Mr. Perkins, are located at this plant.

MR. 0'BRIE.N can be seen, if an inter\ iew has been arranged, any day. e.vcept Satur-

day, between ten o'clock and four o'clock.

MR HALPIN has charge of sales, advertising, office employment, prices on supplies

and specialties in our water works line, etc. He can usually be seen on Tuesdays.

Wednesdays. Thursdays and Fridays, from one thirty o'clock to four thirty o'clock.

.MR. SMITH has charge of having, charity and other donations, prices on brass and

iron castinns and machine work, factory privileges, etc. He can usually be seen on

Mondays. 'Tuesdays. Tluirsilavs and Fridays, from ten o'clock to twelve thirty o'clock

and from two o'clock to four t^iirty o'clock.
'

In order TO SAVE YOLR TIME and ours, it is best, in all cases, to arrange an inter-

view in advance. Please give the hoy at the window full information; you will save

time bv it. as he has orders that he must obey. He will furnish you with a card marked
APPLfCATlON FOR AN INTERVIEW, if you ilesire it.

VISITORS will be required to have a pass. pro|ierly signed by an officer, before ad-

mission to the factory will be granted.

APPLICANTS FOR EMPLO^•MENT must fill out an application card. Ask the hoy

for one.

We will appreciate it if you report to us ;iny discourtesy on the |)art of any of our
clerks low;ird you. Their instructions are to help you as much as possible. We ha\ e

street directories, maps. etc.. and will be pleased lo'loan thetn to you on retpiest. We
have many trade papers. If you must wait, as unfortunately you will have to. at

limes, ask'for one. so that your time will not be wasted.

We thank the SALESMEN who visit us for the information and many new and tood
things they ha\e brought to us. We have salesmen on the road ;md understand.

sign. It permeated the whole office and factory. It was
evident that politeness was the rule, not the exception,
from the president to the office-boy. .\t the close of his
visit, the salesman was even taken to the depot in the
firm's automobile, which seemed to be kept handy for
such purposes I

DEVELOPMENT OF THE TELEPHONE.

"Welcome" surely seemed to be written large upon

the door-mat. But the courtesy wasn't confined to the

The discovery of the principle of the telephone is

brought to our notice just now owing to the unveiling of
a tablet in Boston. The tablet has been erected by the
Bostonian Society and the New England Telephone and
Telegraph Company to commemorate the event which
took place some forty years ago. A noteworthy fact in

connection with the unveiling is that both the inventor,
-Alexander Graham Bell, and his assistant, Thomas A.
Watson, were present.

Mr. Watson relates the story of the discovery, which
was accidental, but, as he says, the incident could only
have been taken advantage of by a man with clear con-
ception, such as the great inventor had. The discover}'
was made on the afternoon of June 2, 1876, during ex-
periments in connection with Bell's theory that a current
of electricity should vary in intensity as the air varies in

density during the production of a sound. Dr. Bell was
testing a spring in one of the receivers to ascertain if the
pitch was correct. He had pressed the receiver close to
his ear and was listening to the faint sound of the inter-

mittent current passing through the magnet, when the
transmitter in Mr. Watson's room stopped vibrating.
Mr. Watson snapped it with his finger to start it vibrating
again. It was this action that was responsible for the
discovery. Dr. Bell heard the pitch due to the length of
the spring and also the peculiar soft twang, and recognized
instantly that the current carrying such a sound was
realizing his long-cherished idea.

What had actually happened was that the spring
which Watson had snapped had become pennanently
magnetized and was in condition by its vibration to

generate the sought-for undulating electric current, and
when the current passed through the magnet of the re-

ceiver, which was pressed against Dr. Bell's ear, it set

into vibration the spring of that instrument, which spring,
being confined against his ear, was in a condition to
vibrate as a diaphragm and not merely as a freed reed.

The invention of the speaking telephone, however,
was no accident—it was a development of the undulatory
electric current.

Frorn this time on, Dr. Bell devoted his whole time
to the study of the speaking telephone, resigning his

teaching position at Boston University.

Finally, on March 10, 1876, the telephone actually

transmitted intelligible words. The sentence was, "Mr.
Watson, come here; I want you." Probably if the in-

ventor had thought of the great invention he was making
he would have chosen a sentence not so commonplace as
the one he used. From the time of this first use of the
telephone as a transmitter of the voice the improvement
was more rapid. By early summer in 1876 it was possible
to converse fluently between two rooms. On the evening
of October g, 1876, the first long-distance test was under-
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taken, when messages were carried over a wire two miles

long. The commercial success of the telephone was then

assured.

Dr. Bell and his assistant possibly have seen the

greatest scientific development along any one line that

has been the satisfaction of any inventor to see. From
the little imperfect room-to-room telephone line they have

seen the wonderful lines over which it is possible to con-

verse from Montreal to San Francisco. They have seen

the great commercial development due to no small extent

to the great inventor by which commercial enterprises

have been connected in one great network of wires. It

has seldom been the experience of an inventor to see his

invention so developed, more especially by himself. It is

to be lamented that inventors very often, who make an

invention, find it enlarged upon by some other inventor

who gets the greater amount of credit and profit. It is

to be hoped that Dr. Bell .has seen his ideas fully de-

veloped and has received all the satisfaction and benefit

which he deserves for his great invention.

The blessings which have followed in the wake of

Dr. Bell's discovery it would be well near impossible to

describe. The world has been made smaller and more
neighborly—business has been facilitated to an enormous
extent. It is doubtful if any one single invention has con-

tributed so generally to the enjoyment of the people as

has the telephone. One can only realize the value and

convenience of the telephone when, after having used one

for years, he is placed in a position where he cannot have

access to it. It is like an insurance policy, " 'Tis better

to have it and not need it than to need it and not have it."

OBITUARY.

JOHN FLOOK, a well-known contractor of Chatham,
Ont., died at his home there last week.

ROBERT DAVIES, proprietor of the Don Valley

Brick Works, Toronto, Ont., died on March 22, aged 67.

WILLIAM R. WAGHORXK, manager of the Hydro-
Electric System at Wallaceburg, Ont., died on March 23.

GEORGE SMITH, town engineer of Lindsay, Ont.,

died of heart failure last week while visiting friends in

Toronto.

RICHARD FOX, for many years superintendent of

the electric light system in Port Arthur, died recently at

his home there.

VICTORIA BRANCH. CANADIAN SOCIETY OF
CIVIL ENGINEERS.

At the regular meeting of the branch last month an

interesting lecture on "The Bridges of the Canadian
Northern Pacific Railway" was given by J. L. Harring-

ton, M.Can.Soc.C.E., of the firm of Waddell & Harring-

ton, consulting engineers. He described in detail many
of the bridges he had designed, making special mention
of lift bridges, where the span lifts up vertically, allowing

the ship to pass underneath, instead of having the turn-

table. The lecture was illustrated by a number of excel-

lent lantern slides, showing the completed bridges, the

work in course of construction, and details of the work.

PERSONAL

G. L. PEARSONS has been appointed secretary and

general manager of the Goderich Elevator & Transit Com-
pany, Goderich, Ont.

H. G. GIRVIN, chief chemist of the Steel Company
of Canada, delivered an address to the Hamilton Technical

School a few days ago. His subject was "Iron and Steel."

Capt. F. C. KILBURN, of the Signal Corps, Royal

Canadian Engineers, who is now in France, has been pro-

moted to the rank of major. Capt. Kilburn was recently

recommended for the D.S.M.

W. J. CITRLE, of Toronto, has been apf>ointed

general manager of the C, W. & L. E. Railway, to suc-

ceed the late William Norris. Mr. Curie was formerly

connected with the C.P.R. and C.X.R., the latter road

having control of the C, W. & L. E. Railway.

MARK WORKMAN, president of the Dominion
Steel Corporation, has left Montreal on a trip of inspection

to the company's coal and steel properties in the east. He
will be away for some time, his intention being to make
a thorough survey of the properties, particularly the recent

extensions.

Recent changes among the superintendents of the

Canadian Pacific Railway are as follows: A. Halkett,

superintendent, Kenora, transferred to Moose Jaw; H.
H. Boyd, transferred from Moose Jaw to Vancouver ; C.

A. Cotterell, transferred from Vancouver to Lethbridge

;

J. M. MacArthur, at present acting superintendent at

Lethbridge, is appointed superintendent at Kenora. The
officials took charge of their new districts on April rst.

EDMONTON BRANCH, CANADIAN SOCIETY OF
CIVIL ENGINEERS.

The "Panama Pacific Exposition" was the subject of

an illustrated lecture before the Edmonton Branch, Cana-
dian Society of Civil Engineers at their regular meeting
on March 24. The lantern slides used were loaned to the

branch through the kindness of the National Electric Light

Association of New York, and showed the wonderful
lighting effects secured at the Exposition.

Dr. J. A. .Allan, of the University of Alberta, who
spent some weeks at the Exposition, explained very

clearly the various slides as they were shown.

TORONTO BRANCH, CANADIAN SOCIETY OF
CIVIL ENGINEERS.

The regular monthly meeting of the Toronto Branch
of the Canadian Society of Civil Engineers will be held in

the Chemistry and Mining Building of the University of

Toronto, on Thursday, April 13th, 1916.

Professor A. P. Coleman, Ph.D., will give an illus-

trated address on "A Visit to the Mountains of Northern
Labrador.

"

A large attendance is requested to hear this very ex-

cellent address.

COMING MEETINGS.

AMERICAN WATERWORKS ASSOCIATION.—
Thirty-sixth annual convention to be held in New York
City, June 4th to 8th. Secretary, J. M. Diven, 47 State

Street, Troy, N.Y.
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IMPACT FORMULAS FOR HIGHWAY BRIDGE DESIGN
Part II.

A DISCUSSION OF THE DOMINION GOVERNMENT AND ONTARIO GOVERN-
MENT IMPACT FORMULAS WITH SUGGESTIONS AS TO SIMPLIFICATION.

By E. H. DARLING, M.E., A.M.Can.Soc.C.E.

IN
Ontario, most highway bridges are now built under

the Ontario Government specifications, but a few, for

various reasons, are designed according to the Do-
minion Government specifications. In the latter, the

impact formula used is the Prichard formula, lor all spans.

^ ^ L + D
I = impact increment to be added to the live load stress.

L = live load stress.

D = dead load stress.

The maximum unit tensile stress allowed for medium
steel is 20,ooo lbs. per square inch.

In the Ontario Government specifications the same
formula is used but it is reduced by a factor depending

on 5, the length of span, or the loaded length that pro-

duces the maximum stress, thus

V
(•4-l^)-L~ D

The maximum unit tensile stress allowed for medium
steel is 16,000 lbs. per square inch. (For the sake of

brevity only the formulas for stresses of the same kind

are discussed.) This formula has been plotted on Diagram
II., being for dead load = zero and for dead load equal

live load. The Dominion Government formula is also

shown by the two horizontal lines, for dead load equal to

zero and for dead load equal to live load.

Now, consider how these formulas work out in

practice, but before doing so it is only fair to state that

both the above-mentioned specifications will probably be

revised in the near future and the following discussion is

more of an attempt to suggest improvement than to

criticize what most bridge engineers agree in condemning.

Nearly all highway bridges now built are designed for

concrete floors and for all spans, say, from 30 feet to 100
feet the dead load is approximately equal to the uniform
live load of 100 lbs. per square foot. For longer spans,
as this live load is reduced at the rate of one pound per
square foot for every five feet increase in length until a

minimum of 80 pounds for a 200-foot span is reached,
and as at the same time the dead load increases very
rapidly, the impact increment soon becomes so small that
it may be neglected. But for spans of from 30 to 100 feet

it may be seen from the diagram that the impact incre-

ment by the Ontario specifications will be approximately
from 10 to 20 per cent, of the live load, or only 5 to 10
per cent, of the total load.

By the Dominion Government specifications the per-
centage of impact Increment for the same assumptions

would be, for all spans from 30 to 100 feet, about 25 per

cent, of the total stress, but as the unit stress allowed is

25 per cent, higher than that allowed by the Ontario
specifications, it works out that the former, with impact
added, gives the same result as the latter without impact.

For all practical purposes the Ontario impact formula
might just as well be neglected for all spans over 100 feet.

For spans under 30 feet the concentrated live load

usually controls in the design. The impact stresses pro-

duced by this load are probably of greater magnitude and
therefore of more importance than those of the uniform
load. With light wood floors and short spans or stringers

and floor beams of long spans the dead load will be small

compared with the live load and the impact increment will

accordingly approach 40 per cent, of the live load for the

Ontario specifications and 100 per cent, for the Dominion
specifications, or reducing to the same unit stresses the

actual increases are 40 and 60 per cent, respectively. For
short spans with concrete floors, which is the usual con-
struction, the dead load is approximately equal to half the
live load. The corresponding" values for the impact incre-

ment are consequently somewhere around 26.6 per cent, of

the live load for the Ontario specifications and 33.3 per

cent, for the Dominion, and reducing these as before to the

same unit stresses we have in percentage of the total

stress 17.7 per cent, for the former and 15.2 per cent, for

the latter.

The use of .? = loaded length, in a formula for con-
centrated loads produces very inconsistent results. .A.fter

the distribution of the wheel loads has been figured the

load is treated exactly the same as if it passed over the
bridge like the uniform load. Take, for instance, in the

design of floor beams or the hip vertical of a bridge, s is

always taken as two panel lengths. Then, while the rear

wheel of a road roller will produce exactly the same static

stresses in these members, yet by the Ontario formula the

impact increment will be 20 per cent, less for 30-foot

panels than for lo-foot ones, even if the dead load were
exactly the same in both cases. For stringers the dif-

ference is ic per cent. Is there any logical reason why
stringers and floor beams for long panel bridges should
be relatively lighter than for short panel bridges when they
both are to carry the same road roller?

Another thing that impresses one in examining these
formulas is that 25 or 30 per cent, is not much to allow
for impact for the concentrated load. A practical example
will bring out this fact.

.Assume a bridge having 16-foot stringers resting on
solid abutments and having a 6-inch concrete floor. The
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stiinijiTs will be spaced at 3 feet oeiilres and each will be

assumed to take iialf of Ihc concentrated wheel load of

10,000 lbs. The Ontario spccilications will require a lo-

inch I-beam weighing 25 lbs. per foot.

The deflection under dead load will be .1041 inch.

The deflection under the live load of 5,000 lbs. applied

gradually at the centre of the span will be .2082 inch.

The maximum allowable deflection by the live load

for a stress of 16,000 lbs. per square inch is .2499 inch,

which would be produced by a concentrated load of 6,000

lbs. gradually applied. The total resilience of the stringer

available for the live load is therefore

.2499
b,ooo X — 749- 5^ inch-lbs.

This amount of work will be done by the live load of

5,000 lbs. if it is dropped onto the floor from a height of

.025 inch, thus

5,000 X .025 = 125.0 in. -lbs. kinetic energy

5,000 X
""^^ = 624.7 in. -lbs. work in deflecting beam

749.7 total work
In the same way it can be shown that if the live load

were dropped more than .15 inch the elastic limit of 32,000

lbs. per square inch would be exceeded.

Fortunately, in actual construction there are many
"mitigating circumstances" which greatly modify the

theoretical result. The concrete floor slab absorbs work

and distributes the load. If the stringer rests on floor

beams of a truss span the total drop of the stringer when

the live load is applied will be many times its own deflec-

tion and the resilience of the truss is thus added to it.

This is doubtless one of the reasons why so many shaky

old bridges stand up apparently in spite of all theory.

Their very flimsiness makes them good shock absorbers.

It is not safe, however, to count on this resilience by any

means, for if the stringer or floor beam in its vertical

vibration is moving upward when the live load strikes it,

it is brought to rest and the eff'ect is the same as if it were

rigidly supported.

So, while the above illustration must not be taken too

seriously, yet it will serve to indicate how little provision

is made for rough usage by the average impact formula.

Summing up the preceding discussion, the following

conclusions stand out

:

1. That these impact formulas are not based on any

mechanical law or on practical experiment that would

warrant them being accepted as expressing even approxi-

mately the true action of live loads on highway bridges.

(See The Canadian Engineer April 6 for Part I. of this

paper.)

2. That the Dominion specifications for the uniform

live load with impact added only reduces the stresses to

about what the best modern practice demands for static

loads.

3. That in practical results there is very little dif-

ference which specification is used in spite of the apparent

wide difference in unit stress and impact allowance.

4. That by the Ontario specification the impact incre-

ment for uniform loads is a very small percentage of the

total load and that for spans over 50 feet it soon becomes
so small that it might as well be neglected. The uncer-

tainty regarding internal stresses of the materials,

secondary stresses, and faulty workmanship, to say

nothing of the impact stresses for which it is supposed to

provide, are of an order of magnitude greater than the few
per cent, added by the elaborate formula. Its use is

therefore an unnecessary refinement, even if it gave abso-

lutely accurate results for impact.

5. With reference to the application of these formulas

to the concentrated load, no dilTerence is made between
it and the uniform distributed load, although their action

is very different. The use of 5 = loaded length, is ob-

jectionable in a formula for slow-moving concentrated

loads.

6. To provide for the possible impact from the con-

centrated load and to make an allowance for future in-

crease or an emergency load the percentage of impa«t

increment given by these formulas (the Ontario one in

particular) cannot be considered adequate.

Only by an elaborate series of carefully conducted

experiments and tests can any final conclusion be reached

as to the effects of impact in highway bridges. But the

diflficulty of getting anything like satisfactory results from

even the most carefully conducted experiments would

hardly warrant the time and expense required for them.

As related above (Part I.) the committee of the .\merican

Railway Engineering .Association, after making many
thousands of measurements and tests, finally recom-

mended the formula for railway bridges that was developed

by C. C. Schneider, who had little more than his judg-

ment to guide him. It should be possible for highway
bridge engineers to derive from their experience some
formula or method which would be accurate enough for

all practical purposes and at least be more logical and

satisfactory than present methods. It is with this end in

view that the following suggestions are made.

In the first place, it is necessary to make certain

assumptions regarding unit stresses and loading. The
use of high unit stresses make it necessary to provide a

more liberal allowance for impact to insure against over-

stressing the materials. For many reasons it seems de-

sirable to adopt what is now standard for medium steel,

namely, 16,000 lbs. per square inch for tensile stresses

due to static loads and the corresponding values for bear-

ing, shear, etc.

The choice of loads is more of a matter of judgment
and should be carefully considered for each individual

Dfidge. As a large part of the impact increment is ex-

pected to provide for uncertainties in the loading and for

future increases or emergencies, the choice of a fairly

heavy loading will therefore make a large impact incre-

ment unnecessary. Fifteen years ago about the heaviest

load that the rural highway bridge ever had to carry was
the 6-ton traction engine. To-day, road rollers of 15 tons

are coming into use all over the country. A new source

of trouble is the motor truck which is now made with a

capacity up to 20 tons. The chances are that their num-
ber will constantly increase and should some substitute be

found for the soft rubber tires and roads continue to im-

prove, even heavier loads may be expected. Whereas the

traction engine used to make its trip through the country

only once or twice a year and could almost be considered

as an emergency load for bridges, there is a possibility

that the motor truck will become a very important per-

centage of the traffic along some roads at least. Then,

also, the rate of speed of 10 or 12 miles an hour means
increased vibration and more wear and tear on the

bridges. Some main-road bridges will have to be de-

signed for two motor trucks passing on them, especially

if they are long spans with 16-foot roadway or more.

The uniform distributed load, on the contrary, has

no tendency to increase. The heaviest concentration of

a crowd of people never exceeds 150 lbs. per square foot,

while a crowd in motion does not weigh more than 80 lbs.

per square foot. True impact from this load need not be
considered.
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On account of the great difference between the nature

and effects of the concentrated and uniform loads the

writer believes they should be considered separately, in

allowing for impact, and would suggest the following

inethod :

—

1. Concentrated Li\ e Loads.—In fixing on a maxi-

mum concentrated load for a particular bridge one should

be selected which is not only probable but that is reason-

ably possible. It is unnecessary to design a bridge for

an emergency load which there is no likelihood of it ever

having to carry. To the estimated static stresses pro-

duced by the chosen load the writer would add 50 per cent,

as the allowance for everything usually covered by the

impact increment. The stresses so obtained will control

in the design of all spans up to about 30 feet, and it is just

as necessary to provide for them in a 30-foot span as a 10-

foot span or in a section of a 300-foot span.

2. Uniform Distributed Live Load.—If a reasonably

heavy concentrated load is used a comparatively light

by it, and yet have a light, economical truss, and these

are the main requisites for efficiency and long life, as far

as they are influenced by design.

While the discussion has been limited to highway
bridges not carrying electric railways there is no reason

why these rules could not be used for city or town bridges

where the speed of loaded cars is restricted to 10 miles

an hour.

Excessive allowance for impact is sometimes excused
on the grounds that the extra metal adds to the rigidity

and leaves a margin for rust, etc. But there are ways of

obtaining better results by a more intelligent use of the

material, as, for example, the following :

—

The usual requirement found in all specifications

fixing the minimum size and thickness of material might

Forrnu/o */. 1 = U
L* D

formafa #;

4)

i /OQ

^ eo

i:! GO

i so
.t ^o

70

Fo r rr>u ^a

forma 'c

/Dec- c/ Liyoc/

Oe.ni d I

= <D

c/ = ,L /vf Lo CrcC

/o zo 30 ^o .so <^o 70 80 90 /oo /ao /-*o

5/3 cry /"/? fe-e i" — .5.

Diagram No. 2.

/eo /80 zoo

uniform load can be assumed, for rural bridges. Further-

more, the practice of decreasing the uniform load in pro-

portion to the span for spans over 100 feet seems reason-

able and has proven satisfactory in the past. Why not

extend this practice and increase the load in the same pro-

portion for spans under 100 feet? This is virtually what
is done by the use of any of the straight-line impact

foriTfulas, but whv waste time over a tedious, meaningless

formula when the same result can be accomplished by this

simple method? Assume a uniform live load of 80 lbs.

per square foot for all spans 200 feet and over. For spans

under 200 feet, increase the live load three pounds for

every 10 feet decrease in length. This would give us as

designing loads to be used without any other impact
allowance, no lbs. per square foot for a 100-foot span,

125 lbs. for a 50-foot span, 137 lbs. for a lo-foot span,

etc. These loads would provide ample strength for con-

gested crowds on sidewalks and for trusses they would
give practically the same stresses that have been found
satisfactory in the past.

.A bridge designed by the above rules, with proper
details, will be capable of carrying, without danger, a 100
per cent, overload in its floor system and all parts affected

be extended by requiring that all members be increased

1/16 inch beyond what the figured stresses call for.

More attention should be given to the question of

vibration of long members. It would be advisable under

some circumstances to use diagonal lacing on all long

tension members instead of small tie plates, as now
allowed.

All members, and the span as a whole should be de-

signed so that the moment of inertia of a cross-section

divided by the length of the member should not be less

than a certain ratio. In other words, the members should

be designed to resist lateral deflection and vibration.

The lateral bracing should be designed not merely for

strength to resist the wind but its deflection as a horizontal

truss should be limited to a certain amount under full load.

The use of high unit stresses for laterals may be quite safe

and economical, but it means greater elongation when
loaded and consequently more deflection. Laterals placed

at too small an angle with the chords permit deflection.

Attention to a few such minor points would greatly

increase the stiffness of a bridge and at less expense than

by a wholesale increase of 10 per cent, or 20 per cent, of

material in the main members.
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A METHOD OF TESTING THE EFFICIENCY
OF DISTRIIH'TION OF SEWAGE

SPRINKLER NOZZLES."

By Edward R. Stapley, C.E.

Ar ihe present lime, when designs of sewage disposal

plants so often include systems of sprinkling filters,

the question of obtaining an even distribution over

the filter beds is of more than average importance.

It is the purpose of this article to bring forth some revised

methods by which the efficiency of distribution of various

types of fixed nozzles may be determined.

The best possible distribution of sewage so far ob-

tainable is given by moving distributors. These involve

either a rotary or a rectilinear motion over the bed. Such

types, however, have the disadvantage of being very

costly, and difficult to keep in order ; and in a very cold

climate they cannot be used unless covered because of the

complicated parts that freeze readily when wetted.

To overcome these defects the fixed sprinkler nozzle

has been devised. These are made usually in either the

Fig. 1.—Taylor Nozzle and Riser.

circular, square, or hexagonal form covering areas corre-

sponding to their respective names.

By reference to Fig. 2 it is readily seen that, if they

do not overlap, circular nozzles placed at the corners of

squares can cover only about 78% of the ground.

By staggering, the area of surface covered can be in-

creased to 90%. In the case of the square and hexagonal

nozzles, however, it is quite apparent that the whole area

can be utilized. For this reason the tests made in the thesis

aforementioned were confined to the two latter types.

No matter w-hat form may be adopted it can readily

be seen that the higher the head in the dosing chamber
the farther the sewage will be thrown as it comes from

the nozzle. It has been the customary practice to operate

the nozzles in cycles of about ten minutes each, depending

on the rate of flow. The total amount of sewage for each

cycle is discharged in two or three minutes out of the ten.

The best distribution will, of course, be obtained by a

varying head. For example, at the beginning of a cycle

the tank may operate under its highest head. As the

sewage is discharged it will drop to the lowest head and

stop. The collecting tank is then allowed to fill up until

the highest head is reached when the cycle is repeated.

The length of time that the nozzles are to operate at

each head is adjusted by building a dosing tank of

irregular cross-section or by means of undulating or

butterfly valves in the feed pipes, automatically operated

by cams. While the latter may perhaps furnish better

regulation, they have the obvious disadvantage of necessi-

tating moving parts.

.'\ photograph showing a general view of the apparatus

used by Mr. Field and the writer in their experimental

work is shown in Fig. 3.

The apparatus was essentially as follows : A cylindrical

galvanized iron tank served as an equalizing reservoir.

From the bottom of this tank a i^-inch pipe fitted with

elbows so as to be easy of adjustment led to a point about

30 feet away. Here it was turned up and connected to a

2'-^-inch bituminized fibre riser in which rested the nozzle.

Both inlet and outlet pipes were fitted with valves to give

prompt and easy means of regulating the discharge.

Near the base of the tank a brass valve tap was in-

serted and connected with a glass gauge so as to show
the depth of water in the tank.

To determine the head at the base of the nozzle a tap

was made with a reducing tee and a hose led from this to

a glass gauge fitted beside the stationary tank gauge.

After the apparatus was in place, a scale graduated in

"Tn "The Cornell Civil Engineer."

Fig. 2.—Areas Covered by the Different Shaped Nozzles.

tenths of a foot to show the elevation above the orifice of

the nozzle, was painted on the tank.

The apparatus as constructed allowed of a head at

the tank varying from four to nine feet, higher heads than

nine feet being seldom used in practice. The effective

heads at the nozzle were, of course, much less.

Around the nozzle two lines of rails were built circum-

ferentially and at the same level. Placed radially on these

w-ere planks which supported the collecting pans, the

whole being so arranged that the upper surfaces of the

pans were six inches below the nozzle orifice.

In the experimental work actual measurements were

made at points opposite the lobes and notches of the

nozzles. The centres of the collecting pans in these lines

were placed at points one foot, two feet, three feet, and

so on out from the nozzle. In order to facilitate the re-

placement of the pans after emptying, nails were driven

in the radial planks at these points and the centres of the

pans marked with paint.

However, in order that a fairly correct idea of the

average depth of discharge on different portions of the

area served might be known it seemed advisable to have

readings at as many as five lines radiating from one side

of the square or hexagonal nozzle. These points were

distributed as follows, the latter two in this case being

interpolated. Two points were taken opposite the notches,

one opposite the lobe, and the remaining two at the

quarter points. This was done by placing the radial

planks in the desired positions.

Due to the method of computation which was devised

after the experimental work was finished, it was necessary
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to convert the readings taken in the lines opposite the

notches to corresponding intermediate values. In the

case of the four-lobed nozzle, depths at points 1.414 feet,

2.828 feet, 4.242 feet, and so on out from the nozzle in the

lines opposite the notches were picked from curves plotted

from the actual measurements made at the foot points.

From this it is evident that the work would have been

facilitated and the accuracy increased somewhat by arrang-

ing the pans at the desired distances from the nozzle when

the run was being made, and also to have had actual read-

ings taken in lines intermediate between the lobes and

notches. The reasons for this arrangement of the points

at which depths of discharge are desired is shown in the

explanation of the method of computation.

As would be readily inferred, the factor of wind has

considerable effect on the spray from the nozzle. Such

conditions, however, are not at all uncommon in actual

practice. If readings are taken at different compass direc-

tions from the nozzle, the effect of the wind may be seen

and also a fair average depth of discharge obtained. This

method was therefore adopted.

Owing to the fact that sewage is not always available

for use, experiments may be carried out with water, the

results being fairly comparable for all practical purposes.

i% ..
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Fig. 3.—Arrangement of Apparatus Used in the

Experiment.

In any preliminary investigation it is best to make all

runs with constant heads. If thought desirable in order to

obtain a better average more than one run may be made
at each head. In the tests made constant heads were

used, one run being made at each head.

The method of making a run was as follows : The
collecting pans being empty and placed in their correct

positions and the water in the equalizing reservoir at a

certain head, the discharge valve was suddenly opened.

The time of opening the valve was noted on a stop watch.

By opening the supply valve at the same time, the head

in the tank was kept constant. The total head at the

tank and the effective head at the base of the nozzle were

then noted. At the end of two or three minutes, depend-

ing on the depth of water in the pans, the control valve

was closed and the depth of water in each pan measured

and recorded.

Since the distribution was measured in actual depths

at different distances from the nozzle, the measured depths

were taken in the convenient unit of thousands of a foot,

.^s it is not always convenient or economical to obtain

pans whose sides are vertical, those with slanting sides

may be used by making the necessary corrections. The
latter type were used in this experiment and the correc-

tions made bv means of conversion curves. The pans

used, however, should be of a uniform size and shape.

The rate of discharge of the nozzle at any head was
obtained by noting the period of time necessary for the

water surface in the tank to drop one-tenth of a foot, the

supply valve being closed.

The results obtained in the experimental work were

arranged according to the following form :

Original Data for Taylor Four=Iobed Nozzle.

* Nozzle Setting, H = 0.177 Feet.

Time Gage Rate
of Positioni Headings Depth in Pans in 0.001 Feet Direction of

Run iTank Nozzle 12 3 4 5 6 7 8 Flow

3' Lobe 5.98' 4.15' o 6 170 232 51 2 o West o.i'ins/"

At the start of the computation work the readings

giving the depths of discharge in the various parts of the

bed were converted to corresponding average values for

one minute of time. As the numbers became rather small,

the unit depth was decreased to ten-thousands of a foot.

These values were then arranged according to the follow-

ing form :

Average of Three Directions for One Minute Flow for

Four-lobed Nozzle.

Nozzle Setting, H = 0.177 Feet.

Depths in Pans in 0.0001 Feet

2 3 4 5 6 7

Velocity Effective
Position in Head

Riser At Nozzle I

Ft./Sec. Feet

Lobe 2.72 4.275 I 32 404 631 218 9 o

In testing the efficiency of the nozzles, and as a means

of comparison of the distribution under varying condi-

tions, some method by which the relative efficiency of

distribution can be measured is necessary. The best

method so far devised seems to be that of Phelps, who
makes use of a "coefficient of distribution." As originally

developed, this idea of a numerical expression of efficiency

was applied to tests on circular nozzles only. This was

not applicable to the case of four-lobed or six-lobed

nozzles, designed to cover respectively square and hexa-

gonal areas. For this reason some new means of ex-

pressing the evenness of distribution which would apply

to these cases seemed necessary.

To meet this need and also to make it possible to take

into account the factor of overlap, which is not considered

in the method aforementioned, a modification of the

Phelps' method was devised. This modified method, while

following the same general theory as the other with re-

spect to the manner of stating the evenness of distribution,

differs in that it allows the shape of the area served to be

taken into account. The method as devised is given below.

In order to make the explanation perfectly clear, a sample

computation is given for a four-lobed nozzle.

Calculation of Coefficient of Distribution for Taylor

Four=lobed Nozzle by Modified Phelps' Method.—For the

purpose of description a 12-foot spacing of nozzles will

be assumed, although in the actual computation this does

not enter into the work until later and may be varied at

will according to the conditions of the case in hand.

The diagram in Fig. 4 shows two nozzles spaced 12

feet apart and placed with the lobes opposite and in line,

lines drawn parallel to the common side of the areas

served, and midway between the foot points divide the

triangular area, forming one-fourth of the total area

served by one nozzle, into trapezoidal strips one foot wide

with the exception of the outer one which is one-half foot

wide and the inner one which contains only one-fourth

square foot and may be neglected. The letters o, b, c, d,

etc., indicate the depths of liquid at points i, 2, 3 and 4

feet from the nozzle. Letters a', h', c', d', etc., indicate

the depths at points 1.414, 2.828, 4.242 and 5.656 feet

*See Fig. I for explanation of "H.
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from Hie nozzle. Letters a", /)", c" , d" , etc., indicate

depllis at tlie corrcsponiling quarter points. Tiiese depths
are the average of the values read in the experimental
work reduced to one unit of time.

The average depth on any strip as D = 1/5 (d + 2d'

+ 2d"). The average depth muhiplietl by the area of the
strip gives the discharge on that strip. In the computa-
tions all depths or quantities, since the latter may be
stated in terms of the depths, are in ten-thousands of
a foot.

Average depths on strips for a one-minute flow in

o.oooi feet, using a nozzle setting, H = 0.131 feet.

This value of 0.0490 feet being the average depth of

discharge during ten minutes of time, corresponds to a
rate of approximately 2,300,000 gallons per acre per day,
which is slightly in excess of the 2,000,000-gaIlon rale

commonly employed.

The excess depth on any strip equals the depth on
that strip minus the average depth on the area served.

A B c: D F, F
6 1^7 ()8S 587 596 366

490 490 490

'.->/

Excess depth

198 X

97 X

106

. .. 198

6 = 1,188

8= 776
10 = 1,060

97 106

3,024 excessive discharge E

Fig- -i-—Spacing of Nozzles with Lobes Opposite and in Line.

If the nozzle is operated 1^2 minutes at 5.622' head
and '3 minute at 2.683' head, we have:

Coefficient of distribution = (T — E) j T ^ (17.529 —
3,024) / 17,529 = 0.827.

In this case the method of operation tend-
ing to give the most even distribution seemed
ti) he that of using only the high and low
heads.

A similar method of procedure was followed

in the case of the six-lobed nozzle, except that

the positions of the collecting pans in the rows
opposite the notches and in the intermediate

rows were changed to correspond to the six-

sided area which was now covered.

Results of Tests.—In the experiments car-

ried on by Mr. Field and the writer, the tests

were limited to the Taylor nozzles of the four

and six-lobed type. Either one or the other of

these two types has been adopted in a large

number of modern plants. The reason for

confining the tests to these nozzles was that

they seemed to cover the ground better than

any other type.

The tabulated results of the tests are given in the

following table

:

A
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and pressure which will allow of its operating at its highest

efficiency. In the majority of cases in actual practice the

maximum available head is usually fixed, so that the chief

problem for the engineer to solve is to properly adjust the

distribution of this head, the length of cycle, and the spac-

ing of the nozzle, so as to give the maximum efficiency, at

the same time not neglecting to consider the factor of

relative economy of installation. It is believed that the

first three of these points may be met to advantage and
with a fair degree of ease bv the method illustrated.

BITUMINOUS PAVING PLANTS.

By L. Kirschbraun, Ch.E.,
Consulting- and Testing- Engineer, Chicago, 111.

ENGINEERING literature of the past few years has

been prolific with discussion of various features in

the production of bituminous pavements—with types

of pavement, methods of construction, qualities of

materials and other considerations. Little has been said,

however, in regard to the factor of plant equipment used

in the manufacture of bituminous paving compositions,

and as to the effect, in a general way, upon paving work,

of the efficiency of various types of plants in producing

good or poor pavement mixtures. The writer proposes

to discuss somewhat, the practical effect of this factor of

paving plant upon the finished pavement.

Conditions Encountered.—During the writer's experi-

ence, situations have been frequently encountered in which

coHtracts have been let for paving work under well-drawn

specifications calling for good type of construction, good
materials, etc., but w^hen actual construction was com-
menced, there was found a contractor on the job with

a contraption for turning out a pavement, ranging any-

where in character from a "peanut roaster" to a converted

concrete mixer. The problem then presented to the

engineer, when faced with such conditions, is to produce
a good pavement under most disadvantageous and most
adverse conditions with reference to plant facilities.

The writer is able to trace a number of instances of

bad construction to nothing but this particular factor of

inadequate and improper plant equipment, resulting in the

production of uneven and frequently totally defective

mixture. In fact, this condition has appeared so frequently

on account of the large increase in the amount of asphalt

construction, and the large number of new and inexperi-

enced contractors entering upon this work, that in the

latest specifications, a description has been included

covering, so far as possible, the essential requirements
for plant equipment. This requirement, as included in the

writer's specifications, is given as follows :

—

"Minimum Plant Requirements.—The paving plant

shall be of an approved type, properly adapted for pro-
ducing the character of mixture hereinafter described. It

shall consist of separate units for melting and preparing
asphaltic cement, a dryer for heating mineral aggregate,
a screen and storage bin, having at least two compart-
ments whereby the mineral aggregate may be separated
by means of a 6 or 8-mesh screen into two sizes, that

passing through the screen being collected in one com-
partment, while the rejection is collected in another com-
partment. Plant shall further be equipped with the neces-

sary devices for weighing separately the fine and coarse
aggregate from each compartment of the storage bin.

An asphalt cement bucket shall be provided with scales

attached in order that the amount of asphaltic cement

which is put into the mixture may be properly gauged.

The mixing unit shall consist of a twin pugmill mixer or

its equivalent with blades so spaced as to produce a

thoroughly homogeneous mixture."

This description is intended to eliminate certain types

of equipment which are favorably regarded by the inex-

perienced contractor undertaking asphalt construction,

with the idea of simple work and large profits. Plants

which fail to meet the above description should not be

allowed on a paving job.

It is believed that the formulation and preparation of

a good bituminous mixture, capable of withstanding

modern conditions of traffic is a matter of sufficient diffi-

culty and involves a sufficiently high degree of judgment
and care, to at least call for the best of facilities in pre-

paring such mixtures, and certainly the engineer engaged
in such work should not be harassed and handicapped by

plant facilities which frequently vitiate and certainly make
most burdensome, the successful production of a well-

planned mixture.

Changed Conditions.—In the manufacture of paving

plants in years past, it is apparent that the producers of

such plants were concerned much more with those me-
chanical features which tended to greater capacity, and

ease of mechanical operation, rather than to ease of con-

trolling product. It is only within the very recent years

that some attention has been paid to this latter factor, and

while this tendency is a matter of encouragement to those

engaged in controlling paving mixtures, yet it is apparent

that there is much room for further improvement in this

direction.

Conditions with respect to plant requirements have

changed greatly within the last few years. Asphalt paving

construction is being called for by cities of much smaller

size than heretofore, and a large amount of road work of

mechanicallv mixed tvpe is being laid throughout the

country.

.Vs a result of this wider spread use of asphalt surface,

the demand for portable plants, either of railway or road

. type, has been greatly increased. The permanent plant

which was maintained in the larger cities could be set up
with facilities for handling materials which are not gen-

erally available in connection with the portable plants.

Again, prior to ten vears ago, very little asphalt work
was done excepting sheet asphalt pavements, whereas in

more recent years, types of bituminous pavements have

been developed of more complexity, containing stone as

well as sand aggregate, thereby necessitating improve-

ment in plant facilities over those available before. It is

therefore apparent that as the complexitv of our niixtures

has been increased and the factor of portability has be-

come so important, more is being demanded of the paving
plant to make it adaptable to the latest conditions.

Need of Greater Accuracy.— It is unnecessary to point

out the need for accuracv and uniformity in preparing

bituminous paving mixture. This is particularly true in

the newer forms of construction which include a wider

range of aggregates than heretofore. It is well known
that variations in uniformity permissible in a sheet asphalt

mixture, are frequently disastrous in connection with

asphaltic concrete mixtures. These latter mixtures are

much more susceptible to variations in content of asphalt

cement than are sheet asphalt mixtures, and not only is

this true with respect to the mixtures themselves, but

conditions of traffic make it necessary to observe finer

points in their preparation than has been the case here-

tofore.

For example, an asphaltic concrete mixture under

heavy automobile traffic must be regulated to narrower
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limits in composition and wiiliin dilfcrent limits than is

the case in a mixture exposed to light traffic of mixed

character. These conditions make it more and more

necessary to have plant equipment capable of the most

accurate work and susceptible of at least as much control

as is required for similar manufacture in other branches

of chemical technology. These conditions are being met

with by the more progressive manufacturers of paving

plants.

Lack of Skilled Labor.—Generally speaking, the labor

available for the operation of asphalt plants is ol very un-

satisfactory character, and is not to be entrusted with

carrying out any important operation without the closest

supervision. This statement does not, of course, apply

to the operations of those concerns who continuously

carry and carefully break-in the labor controlling the more

important portions of the mixture manufacture.

Generally, however, the labor available at the asphalt

plant is the kind which is picked up locally, and most fre-

quently such plants come upon the work with scarcely

anyone but a foreman having any idea as to operation.

These conditions make it essential that the important

operations in turning out these mixtures be so arranged

as to be subject to almost automatic control, so that the

labor available need not be depended upon for the success

of the work.

In other words, the paving plant should be made fool-

proof, or as nearly so as is possible with reference to those

features which enter into the control of product.

The result of crude facilities and poor labor is that

with the best of intentions, and frequently with the best

of efforts, inferior results follow simply because, in the

final analysis, the pavement mixture, however well planned

or however well set, is dependent for its accurate propor-

tioning upon the man at the mixer, who frequently holds

his job because no one else will stand the dust, dirt and

heat of this portion of the work.

The writer has been often amused when visiting

paving plants to find, upon asking the plant foreman as

to his mix, a ready response in odd and exact figures of

different materials used, and then to climb up on the mixer

and find the gentleman of color presiding there, overdraw-
ing his .A.C. bucket ten or more pounds, the bucket carry-

ing a choice accumulation of dirt, its tare a matter of

ancient history, the amount of filler dependent upon half-

filled buckets of variable number, and a general promiscu-

ous intermingling and wandering of various aggregates

from their respective bins.

The box weights given by the foreman with so much
assurance and emphasis on the ground become a matter
of chance and purest guesswork at the mixer. Without
an inspector almost continuously at the mixer, the well-

planned proportions and the careful judgment used in

making the mix become a theory, subject to the vagaries

of totally unskilled and unreliable laborers.

The Requirements.—The important operations of a

paving plant, from the point of view of the engineer, may
be briefly stated as follows :

—

(i) Melting of refined asphalt and fluxing to produce
asphaltic cement.

(2) The proportioning and feed of cold aggregate
into the dryers.

(3) Control of temperature of aggregate and of

asphalt cement.

(4) The separation of complex aggregates and dis-

tribution into various bins.

(5) The weighing out and combination at the mixer
^f the components of the paving composition.

The ideal paving plant will approach the maximum of

efficiency in proportion to the extent that these operations

mav ho controlled automatically or with the least possible

dependence upon the labor employed.

If the attention of the manufacturer of paving plants

be directed towards these features rather than to further

improvement in capacity, a great deal will have been ac-

complished for the benefit of the paving industry. As a

matter of fact, the later types of standard plants on the

market have generally little to be desired as to mechanical

icliability or capacity of output. There is even a ten-

dency for some of these plants to turn out more material

than can be given proper attention in laying, so that the

time is ripe for more important development in the way
of control of product.

How to Meet Requirements.—The writer desires to

point out somewhat generally the character of mechanical

devices which he has in mind with reference to accom-

plishing the above-mentioned important operations. In

doing so, however, he desires to disclaim any mechanical

ability or knowledge of details by which these rough ideas

might be carried out.

Asphalt Cement.—With reference to preparation of

asphalt cement, there is nothing wanting in the best types

of present plants. The refined asphalt is melted by steam

or indirect fire, and the fluxing operation is sufficiently

well regulated by weighing out the required proportions

of materials and agitating them mechanically by air or

steam until homogeneous. Generally, there is very little

danger of overheating. The temperature of the asphalt

cement can be subject to very considerable ranges with-

out injury.

Feeding Aggregates.—The proportioning of cold ag-

gregates into the dryers, as now carried on, is accom-

plished generally bv bringing up to the cold elevator, and

piling there, the individual elements of the aggregate.

From these piles, one or more men feed the material into

the elevator by means of shovels or hoes, regulating the

proportioning by the number of shovelfuls of material

from each pile. Sometimes this is also done by bringing

up the material in wheelbarrows and piling the different

portions in one pile, the proportion being regulated by

the number of wheelbarrows operating from the stock

piles of individual aggregates.

In either case, the labor employed in accomplishing

this result cannot be depended upon to maintain correct

proportions with measuring units which are, to say the

least, crude at best. \'erv frequently, the wheelers drop

out of line or out of order, leaving the other feeders or

wheelers working, regardless, at their respective materials.

Sometimes the cold elevator will be carrying one element

of the aggregate almost entirely, and again, some other

element will be carried in preponderating proportion.

This lack of uniformity produces a constantly varying

temperature, in the heating drums. It would seem pos-

sible that this operation of feeding aggregates could be

accomplished by separate conveying devices, bringing

each component from its pile at predetermined rates of

feed regulated by interchangeable gears or other simple

speed-go\erning device.

Bv some such arrangement, the proportions of the

aggregates could be regulated accura^ely and uniformly.

Even the filling of hoppers or buckets a'tached to the con-

veyers operating from each pile of m iterials might be

simply effected.

Temperature.—The temperature of mineral aggregate

leaving the dryers must be controlled within fairly close

limits. If the aggregate is too cold, it will not mix

(Cotitiuucd on pa^e 4.46).
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THE AIR LIFT.

By Arthur H. Ford.

SINCE the cost of pumping is one of the principal

items in the cost of supplying water to the residents

of a municipality, every waterworks manager is in-

terested in discussions regarding the relative costs
of pumping by different methods. Of late years, the air

lift, as a means for raising water from deep wells, has
become of such great importance that the writer deems
a short discussion of the subject worthy of your attention.

Though air lifts ha\ e been used for the past fifty

years for pumping water from wells of all depths, the
theory of their operation has defied mathematical
analysis, with the result that their design is almost
wholly dependent on the use of empirical formulfe. This
has led to the improper design and operation of many
lifts, to the detriment of their efficiency.

Fig. 1.—Model of Air Lift Pump.

In general, an air lift consists of a water pipe ex-
tending a considerable distance below the water level

in the well, where it is joined to an air pipe by means
of a footpiece. The air pipe is connected to a compressed
air receiver, which is supplied with air by a compressor.
It is thus seen that there are no moving parts in the
well, which makes this type of pump especially desirable
for use in crooked or deep wells, where the cost of
repairs on pump rods and cylinders is large. The lack
of moving parts in the well also increases the reliability,

which is a great advantage in those cases where one well
only is depended on for the water supply ; it also makes
it possible to handle water containing so much grit that

*Read at the first annual meeting Iowa Section, .\merican
Waterworks Association,

reciprocating pumps will not answer, because of the

excessive wear of the cylinders. .Air lifts can pump water
faster than any other type of pump, and are, therefore,

frequently used for the purpose of testing new wells.

The rapid rate of pumping water is such a desirable

feature that this alone may lead to the use of an air lift

in preference to a pump of some other form.

A picture of a working m<KJel of the simplest form
of air lift is shown in Fig. i. The outer tulx; (W)
represents the well; connected to the catchment basin
(B) by means of the siphon (S), which represents the

water passages in the rock. Inside the well is suspended
the eduction tube (E), having the air tube (A) suspended
in it, but not reaching quite to its bottom. The air tube

is connected to the air receiver (AR), which is supplied

with a pressure gauge (G) and a connection (C) to the

air compressor (not shown).

When the compressor is started, the pressure in the

air receiver gradually increases and the water is forced

out oS the air pipe until it is entirely empty, at which
time the air pressure is at a maximum. The air now
bubbles out of the end of the air pipe into the eduction

pipe, which causes the level of the water in this pipe to

rise an amount proportional to the volume of the air in

the bubbles. As long as this does not bring the top of

the column of air and water above the discharge opening
in the eduction pipe, no water will Ije pumped and the

air will merely bubble through the column of water. This

condition obtains when the quantity of air supplied is

insufficient to operate the lift.

The supply of a larger quantity of air will cause a

larger proportion of the mixture in the eduction pipe to

consist of air, with the result that the column will be

higher, and when the air supply is sufficient the top will

be above the discharge opening and the pump will begin

to operate. The manner of operation will depend on the

relation of the rate at which air is supplied to the area

of the eduction pipe. When the rate of air flow is small,

the air bubbles will be small in comparison with the size of

the eduction pipe and the flow will be steady. Such a

flow can be attained only when the pumping head (I) is

small in comparison with the submergence (s) of the

air pipe.

When the rate of air supply is increased, the size

of the air bubbles increases until they entirely fill the

eduction pipe and form air pistons, enclosing slugs of

water between them. The flow now becomes pulsating

;

discharges of water and air alternating. Every time

that a slug of water is thrown out, the pressure at the

lower end of the air pipe is slightly reduced and a quan-

tity of air is emitted. This lifts the column of air and

water in the eduction pipe, and at the same time stops

the flow of water into the lower end, with the result that

the level of the water in the well rises, increasing the

water pressure at the end of the air pipe. As soon as

the water pressure exceeds the air pressure the air flow

stops until the pressure is again reduced by a slug of

water being thrown out of the eduction pipe.

The maximum air pressure required to start a lift

operating is equal to 2. 31 times the submergence (s) of

the air pipe, in feet. .As soon as the lift begins to

operate, the pressure is reduced, because of the drawing
down of the water in the well, thus reducing the sub-

mergence to s', and increasing the head to I'. (See

Fig. I.) This lowering of the water level may be con-

siderable, and is the determining factor in fixing the eco-

nomical rate of pumping.
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A luimbcr of the factors which enter into the

erticicncy of an air lift nnisi of necessity be determined

by experiment on the particular well in question ; but

some of them admit of generally applicable determina-

tions beins made. Among these is the best form of foot-

piece, as the connection between the air pipe and the

eduction pipe is called. There are a number of forms ol

footpieces on the market, for some of which extravagant

claims of efliciency are made ; but as wide variations in

the efliciency are due to slight changes in the proportions

of other parts of the system or the method of operation,

such claims are to be looked on askance, unless they

are backed up by adequate guarantees. Tests have shown

that the cfi'ect of a change in footpiece may be to increase

the efficiency as much as 50 per cent, when the head is

high, with a much smaller increase when the head is low.

The efliciency of even a well-designed air lift is low,

varying from 20 per cent, for a lift of 600 feet to 45 per

cent, for a lift of 50 feet ; and is greatly influenced by

the ratio of the submergence of the air pipe to the lift,

the best ratio being about 2. This is clearly shown by

.1 test of a well at Hattiesburg, Mississippi. In this test

the speed of the air compressor was adjusted so as to

keep the rate of flow of water constant, while the length

!>C
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due to pumping is small in comparison with the pumping
head. This dictates that llie well should be pumped at

the minimum rate at which the desired quantity of water

will be furnished.

When the well under discussion is operated at a

flow of 1,106 gallons per minute, at which flow the maxi-
• mum efficiency was obtained, the pump duty was 2,340
gallons per horse-power hour ; while, if the pumping rate

had been reduced to 6go gallons per minute, the duty

would have been 3,240 gallons per horse-power hour

—

an increase of 38 per cent. This would reduce the pump-
ing expense 28 per cent.

The present status of the air lift is such that it can

be considered as a thoroughly reliable piece of apparatus

;

but one should not be installed without the advice of an

engineer who has made a special study of the subject,

and he should be given opportunity to make trials with

various lengths of air pipe and various speeds of com-
pressor operation after the lift has been installed, so as

to find the conditions for best operation.

A VISIT TO THE MOUNTAINS OF NORTHERN
LABRADOR.*

By Prof. A. P. Coleman. Ph.D.

THE Torngap Mountains in northern Labrador are

only 1,300 miles northeast of Toronto, but to get

there cost me nearlv 4,000 miles of travel. After

the rail journev to Sydney, N.S., I took the ice-

l)reaker "Bruce" to Port aux Basques, in Newfoundland.
It was her last voyage on the route and she left soon after

for Archangel, in the White Sea, where she was to help

in keeping open navigation. A crooked railway of 3^4
feet gauge took me, in 28 hours, to St. Johns, from which
a steamer leaves for the Labrador coast, usually reaching

\ain, the central Moravian mission to the Eskimos. From
N'ain I travelled partly bv motor boat, partly on the little

whaling steamer "Hump," and partly by schooner, to

Hebron, the last settlement of the Moravians on the

Atlantic coast. From this point I made my way north in

a fishing skiff, with two Eskimos, to Komaktorvik Bay,
in latitude 59° 30', about 80 miles south of Cape Chidley,

the turning point to Hudson Straits.

In this chilly, foggy bay I was right among the moun-
tains and did some climbing and exploring in quite im-
known territory. The highest mountain climbed reached
4,700 feet above the sea and had three small glaciers on
its flanks.

As Komaktorvik is north of the timberline, where
hardly even bushes grow, the fuel question was serious.
We used partly a little driftwood found on the shore and
partly a small oil stove. My Eskimos killed a number of
seals and a fine caribou, so that there was plenty of fresh
meat when we had fire enough to cook it.

.\fter mapping the surroundings at Komaktorvik we
went south in the skiff to Nakvak Fiord and had a wild
and stormy voyage. Nakvak Fiord is one of the grandest
in the world, to be compared with those of Norway,
though its beauty is of a more desolate kind since no
trees grow on its wild shores, which rise from the water
into mountains of 3,000 or 4,000 feet.

*Abstract, prepared for The Canadian Engineer by Prof.
Coleman, of his illustrated address to be g-iven to-night before
the monthly meeting- of the Toronto Branch of the Canadian
Society of Civil Engineers, in the Chemistry and Mining
Building of the University of Toronto.

Here, again, I explored and climbed, reaching one
summit .above 5,000 feet, giving a magnificent view of the
fiord and of a sea of barren mountains with many small
glaciers and snowfields as well as beautiful lakes.

The finest trout I have seen run up the river here

;

golden and copper colored and more than two feet long.

On August 25th, we had a snowstorm and I decided
to go south. We had a very rough passage to Hebron,
where I waited in the mission till the "Hump" came with
the mails, and went south on this comfortless little ship
as far as Hopedale, the last mission in that direction.

Here there was a delay of eleven days, waiting for the
"Sagona," which had been held up by storms and fog.

Thousands of Newfoundland fishermen go to Labra-
dor in their schooners every summer, scattering in all the
little coves and harbors along the coast and spending two
or three months in cod fishing. Their catch was very
small last summer, and there must have been poverty in

some of the Newfoundland villages in consequence.

Icebergs are very common all the way 'along the coast
and early in the season great fields of floe ice come down
from Davis Strait with the Arctic current. I was twice
halted by these floes on my way north and found the
harbor at Hebron, the most northerly inhabited point,
filled with loose blocks and pans of ice when I arrived on
July 23rd. Ice conditions will, no doubt, have a very
important bearing on the navigability of Hudson Straits.

INFLUENCE OF TEMPERATURE ON THE
STRENGTH OF CONCRETE.

In The Canadian Engineer for March 9th, 1916, there
appeared an article by H. S. Van Scoyoc on "Concrete
Highways Subjected to Extremes of Temperature."
Further information relating to this subject is contained
in a paper by Prof. A. B. McDaniel, read before the
.American Concrete Institute. The conclusions drawn by
Prof. McDaniel are briefly

:

(i) Under uniform temperature conditions there was
an increase in strength with age within the time limits of
the tests.

(2) It is evident that if the concrete is to acquire a
reasonable self-sustaining or a load-bearing strength in a
short time (conditions which ordinarily obtain in building
work), it is necessary to place the concrete under the most
favorable conditions and maintain these conditions during
the first few days. Concrete which is protected and main-
tained at a temperature of from 60° F. to 70° F. will at

the age of one week have practically double the strength
of the same material which is kept unprotected at a low
temperature of from 32° F. to 40° F. Under freezing
temperature conditions the materials should be heated so
that the concrete will have an average temperature of from
60° F. to 70° F. and the concrete in place kept under an
air temperature of not less than 45° F. by artificial heat
during the first week. This provision for favorable tem-
perature conditions avoids the well-known injurious effect

of the freezing of the water in the concrete, and also the
deteriorating effect of the alternate freezing and thawing
of the concrete.

Columbia University will hereafter confer the degree of
Master of Science upon graduate engineering students who
satisfactorily complete the Graduate Course in Highway En-
gineering. From 191 1 to 1915, the graduate engineering
students who have specialized in highway engineering have
been candidates for the degree of Master of .Arts.



440 THE CANADIAN ENGINEER VoluiTio jO.

BUILDING AND MAINTAINING ROADS WITH
RBIINHD TAR*

By John S. Crandell, C.E.,

Engineering Dcpartniont, Thf Barrett Co., New York.

OF the various binders used for road pur]X)ses in

the last decade only the bitumens have been

successful. There are two classes of bitumens

so used, and they may be divided into asphalts

and tars. The former are found native or may be pro-

duced by the distillation of asphaltic oils. Tars are

obtained from a number of sources, hut those made

during the destructive distillation of bituminous coal

have given the best service and most satisfaction.

Rcfint-d tars for surface treatment of roads have

been used during the past fifteen years. With the advent

of the automobile came the dust nuisance, and it was

in great measure to alleviate this that experiments with

refined tars were begun in Europe by Dr. Guglielminetti

at the beginning of the twentieth century. These experi-

ments were very successful and led to the tremendous

development of the road tar industries of to-day.

Tars are refined for roads and pavements so as to

obtain materials suitable for cold application surtace

treatment, blanket-coat (hot application), the construc-

tion of tar-bound macadam and paving pitch filler.

Bituminous roads may be constructed either by the

penetration or the mixed methods. By the penetration

method is meant spreading and rolling crushed stone to

the proper depth, crown and grade, after which hot,

refined tar is sprayed over the surface of the broken

stone, then the voids are filled with chips and a second

or seal coat of refined tar is applied. By the mixed

method is meant mixing the heated aggregate and binder

together before placing in the road. Both methods give

satisfactory results when the construction is properly

done, and it is a matter of judgment on the part ot the

engineer which he selects. Mixed work costs about 25

per cent, more than penetration and requires greater

skill and care.

The construction of a tar macadam built by the

penetration method will first be taken up. This will be

followed by a description of mixed work, and a discussion

of maintenance by using a cold surface treatment, which

can also be used on water-bound macadam, will conclude

the paper.

It is assumed that the drainage problem has been

solved and adequately taken care of before the construc-

tion of the pavement is begun. The purpose of a pave-

ment of any kind is to distribute the load over the foun-

dation, as well as to provide a waterproof wearing

course. The foundation is the earth on which the pave-

ment rests, and it should be thoroughly compacted by

rolling; all soft spots should be made firm and un-

yielding, and the surface of the foundation after rolling

should be parallel to that of the finished road.

Base Course.—On such a well-compacted foundation

broken stone is spread to a depth of from four to eight

inches, depending on the kind of stone and the character

of traffic the road is to carry. This is large-sized stone,

such as will pass a 3 '2-inch ring and be retained on a

2 '4^-inch ring. The harder the stone, the smaller the

size that may be used. This base course should be thor-

oughly rolled so that no movement takes place when the

roller passes. A 10 or 12-ton roller is best.

Abstract from address at the International Road Con-
press, Montreal, March, 1(316.

In order to make the base course more stable ; to

keep the foundation from working up ; and to prevent

the refined tar, that is applied later on to the next course

above, from leaking through, and thus being wasted,

the spaces between the stones should be filled with fine,

clean gravel, coarse sand or stone screenings. Rolling

should be continued, always beginning at the side and-

working up to the centre. The rolled surface of the base

course should resemble a water-bound macadam free

from dust.

On this base course either a penetration or a mixed

top may be placed.

Penetration Method.—The wearing course is made
up of stone, 2/4 to 1)4 inches, and after rolling it should

be 21J inches in depth. The stone is carefully spread,

and rolled so that the surface is smooth and firm. This

course is to be filled with tar, so that great care must
be taken when soft stone is used to avoid crushing, and

thus sealing the surface with rock dust, which would
prevent the penetration of the bitumen.

Refined tar will not stick to dirty or wet surfaces.

Therefore, the wearing-course stone must be clean

and dry.

Refined Tar for Binder.—Not less than i ^{ imperial

gallons nor more than , i '/^ imperial gallons of refined

tar at a temperature of from 200° F. to 275° F. are then

spread uniformly over each square yard of the wearing

course. The tar is best applied by pressure distributors,

but hand-pouring pots may be used if it is impossible to

secure suitable apparatus.

It is very important that the tar be uniformly

applied so that the resulting pavement has neither lean

nor fat spots in it.

Filling and Sealing.—The spaces between the stones

of the wearing course are now filled with 3;^-inch clean

stone. This should merely fill the voids and not form

another course.

Roll again, sweep off any excess stone, and the road

is ready to receive the seal coat, which consists of ^3

to }4 imperial gallon of tar at 200° to 275° F. tempera-

ture and is covered with sand or peastone.

Roll for the last time, and the road is then ready

for traffic.

Mixed Method.—On the base course, constructed

as previously described, can be placed a wearing course

nir.de by the mixed method, or such a wearing course

may be placed on a concrete base or on a Telford base.

It is necessary to have a mechanical power mixer

to properly mix stone and bitumen. There are many
such mixers on the market. Some of them heat up the

drum with an open flame. The flame should never be

allowed in the mixer after the bitumen has been intro-

duced. Portable plants can be had as w'ell as stationary

plants, and it is important to choose one that has a capa-

city suitable to the job.

The advantages claimed for refined coal tar over

other bitumens are that it is easily used in the cold-mix

tvpe, in which the stone is not heated ; that it requires

less heat, since the tars have a lower melting point than

asphalts, and that the same number of men can turn out

a greater yardage per day.

The greatest care must be exercised to see that the

temperature is right and that no batch is burned. A
burned batch means a bad spot in the pavement that is

bound to show up in time.

Alx>ut 2]4 inches of wearing course material is

placed on the base course and rolled until it is compacted
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to two inches, judgment being exercised as to time and
amount of rolling necessary.

Maintenance.—There is no such thing as a per-

manent road. There is nothing permanent in the uni-

verse. The sooner that fact is realized and given due
thought by our taxpayers, the sooner grumbling over

unmaintained roads will cease. The most enduring struc-

tures in the world, whether natural or erected by man,
are not proof against the elements, and a roadway, ex-

posed as it is at all seasons of the year to the weather,

needs and should receive the best of care.

Just why it is so difficult to make the average man
realize that a road needs more maintenance than his

house or his office or his barn or his farm machinery is

imjwssible to say. Yet the popular notion still obtains,

even among officials who should know better, that once

a road is built it is there forever, although their common
sense and observation should tell them otherwise.

Maintenance of a tar macadam is such a simple

matter that there is little or no excuse for failure to

keep the road, once properly constructed, in . excellent

condition for years to come. All that is necessary is

the patching of such few depressions as may need it

and the cold application of a light tar yearly, or bi-

yearly, as the traffic may dictate or the condition of the

surface may indicate.

The amount of tar necessary to maintain a tar

macadam varies from }i gallon per yard to '_ gallon

per yard. It is seldom that the latter amount is needed,

and where maintenance is the rule, the former figure is

nearer the average amount used. In order to get such

a small amount as a pint to the yard, a pressure dis-

tributor is absolutely necessary. Such a distributor may
be made by attaching a system of gearing onto the rear

wheels of a horse-drawn sprinkler and connecting this

to a pump, which forces the tar out under pressure. Or
an auto truck may be used, or even a man-driven pump
attached to a barrel may be employed.

The means of application are so many, and the cost

is so slight, that it is wasteful economy not to treat

bituminous-bound roads when they need it.

Water-bound macadam may be treated and main-

tained in the same way.

Maintenance of Water=Bound Macadam.—As noted

elsewhere, refined tar will not stick to dirty or wet sur-

faces, so that it is absolutely necessary to sweep and
thoroughly clean a water-bound macadam before treating

it with refined tar. The sweeping is most economically

done with horse-drawn sweepers, followed by men with

push-brooms, who remove any crust or scale that may
have formed on the surface. It is most essential that

the sweeping and cleaning be thoroughly well done, for

if any dirt is left on the surface it is to be expected that

the tar will peel off at such places. Ruts and pot-

holes should be scarified and repaired in advance of the

cleaning.

When the road is dry, '4 imperial gallon of refined

tar, liquid at ordinary temperatures, is applied cold, and,

if necessary, broomed in with fibre push-brooms. The
application of the tar may be done with pressure dis-

tributors or with hand-sprinklers. The former give a

more uniform distribution.

Whenever it is jxissible, traffic should be kept off

a newly-treated highway for twenty-four hours or more,

after which the surface should be covered with screen-

ings or sand and. traffic admitted. In any event, the

treated surface should be closed to traffic for at least

two hours. Alwavs cover the treated surface with

screenings or sand to prevent the tar from being tracked
into houses and on to sidewalks. The covering acts like

a blotter, taking up the excess tar not absorbed by
the road.

This film of tar, which penetrates about >j inch of
the surface, prevents ravelling, prevents the formation
of dust, and keeps the road intact. When traffic is

heavy, a second and lighter treatment should be given
the first year, after which one light application a year
should be sufficient to keep the road in excellent condition.

Surface Treatment of Gravel Roads.—Good gravel
roads may be maintained in a similar way. In case the
road is rutted or pitted it should be scarified and rolled.

Two light coats, about 3/16 imperial gallons each, are
applied after the road has been swept. The first coat
is applied in the morning, followed by the second in the
afternoon. Sand or stone chips are then spread, as
noted above. Sometimes it is necessary to give the
centre of the road a third light coat of tar.

A few barrels of tar should be kept on hand for

patching purposes. With surface-treated gravel roads
it is very essential that the surface be kept intact, and
patching in time saves much annoyance later on, as well

as keeping the road in constant good condition.

Tar is not recommended for treating dirt roads.

STEEL COMPANY OF CANADA.

The profits of the Steel Company of Canada for the
past year at $3,230,452 were double those of the best
previous twelve months' period. Equally gratifying is the
fact that 55 per cent, of the company's output during 1915
represents domestic trade. The company manufactures a
very wide range of steel products, mines its own ore and
finishes its products to the last stages, all of which factors
help materially to obtain a good share of business offering

at home.

Deducting a sum of $400,000 on account of deprecia-
tion, $88,500 set aside for bond sinking fund, $531,000
for bond interest, and $454,741 for preferred stock divi-

dends, surplus profits, after all fixed charges, amount to

$1,756,211, equal to 15.2 per cent, on the common stock.

.Adding this latter to the previous surplus, the amount
carried forward at the end of the year is $3,014,041, the
largest balance in the company's history, comparing as it

does with $1,258,430 in 1914, $1,571,603 in 1913 and
$1,060,571 in 1912. The depreciation allowance is sub-
stantial, providing as it does for the extra wear and tear

entailed by the working of extra shifts. The sinking fund
provision of $88,500 is on account of the first payment in

this respect, which is due July ist, 1916, as under the

terms of the security a cash sinking fund of 2 per cent.

per year becomes operative on that date. The amount
now being set aside, therefore, takes care of the six

months up to the end of last year. The preferred stock
dividend allowance covers two quarters of arrears and two
quarters of 1915. The remaining 2}'i per cent, arrears,

covering two quarters, which were unpaid at the end of

the year, have since been arranged for.

The company has materially improved its liquid posi-

tion. .An increase of over 50 per cent, is shown in current

assets, these now totalling $9,796,200 as against $6,-

479,770 at the end of 1914. Cash on hand has grown
from $99,407 at the end of 1914 to $182,691 at the end
of 1915, an increase of 85 per cent. The comp.-my's

financial statement generallv shows an excellent position.
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RAILROAD DHVELOPMKNT IN CANADA.

By J. L. Payne, Ottawa.

TllH lirst impression created by a glance at official

data relating to the operations of Canadian railways

lor llie year ended 30lh June, 1915, is that our

transportation interests were hit rather hard by

conditions which grew out of the war. On further con-

sideration, however, that impression is somewhat modi-

fied. A heavy blow was given to trailic and resultant

earnings. There can be no doubt of that ; but any depres-

sion which might be developed by that fact alone, gives

place to relief when the whole situation is caret ally

analyzed. It is then realized that the railways were able

in large measure to meet adversity by adjustment. That

is to say, w^hile receipts fell off, there was a proportionate

reduction of operating cost. Hence net earnings were

fairly maintained. To the intelligent student the results

of the past year will be accepted as revealing first-class

executive and administrative capacity by our railways. It

is stress of weather which tests seamanship, and it is

assuring to know that the strength and soundness of our

railway situation stood up against the luirricane of

1914-15.'

A special feature of the year was the quite unpre-

cedented addition to operative mileage. Everyone familiar

with what was going on in the country knew that since

1910 a very large amount of construction work had been

under way. Some of the heavier undertakings, such as

the National Transcontinental and (irand Trunk Pacific,

had actually been started ten years ago. During the four

years following 1910 there were 6,063 miles of new line

brought upon an operating basis. That was really a sig-

nificant betterment of transportation facilities—more

significant than the unthinking onlooker would suspect.

It meant that we had built railway lines beyond the actual

need created by swelling population. Nor had such en-

largement of carrying facilities been demanded by the

pressure of traffic upon existing lines. When the move-

ment began, Canada stood in first place among the nations

on the basis of railway mileage per capita. She is still at

the top. The tremendous activity in railway building

—

for by every fair standard of railway measurement it was

tremendous—which had been in evidence for years past

was an expression of faith in the future of Canada rather

than an attempt to meet immediate and urgent needs.

Like the charge of the Light Brigade, this faith was no

doubt superb ; but there are not a few who regard it as,

on the whole, imprudent. Time will tell.

An increment of 4,788 miles to operating mileage in

1 91 5 broke all records. Added to the 6,063 miles, to

which allusion has just been made, it meant that within

the past five years railway mileage in Canada had been

expanded by 10,852 miles, or an average of 2,170 per

annum. The United States did not do as much during

the same period. It is doubtful if the whole of Europe

did. This addition was greater than the mileage of the

Dominion in 18S5—the year the Canadian Pacific was

completed—and it brought the total up to 35,582. That

total pushed Canada up to fourth place among the nations

of the world, only the United States, Russia and Germany
being ahead of her. Let us now see how the 10,852 miles

of new line put in operation since 1910 were distributed.

The following little table will show:

—

Added Present

since lyio. mileage.

Ontario 2,472 10,702

Quebec 882 4,(177

Manitoba i -277 4.498

Saskatchew.in -.395 5.327

Alberta 1,686 3.174
British Columbia 1,268 3, 100

New Brunswick 440 i ,962

Nova Scotia 16 i ,367

Prince Edward Island 6 275
Yukon II 102

In United States 398 398

Total 10,852 35.582

It should be explained that the mileage assigned to

the United States consists merely of sections of Canadian
lines which, for purely geographical reasons, cross Ameri-

can territory—such as the well-known Short Line of the

Canadian Pacific connecting Quebec with New Brunswick.

Look, however, at the table, and see that 6,626 of the

10,852 miles were located west of Lake Superior, or nearly

62 per cent, of the whole. That is where the facilities

are most needed, in the area of settlement. It was con-

fidence in the future of our vast and fertile West which
impelled this striking construction work.

It will now be in place to see what all this develop-

ment of carrying power since 1910 has cost ; for railways

are not built on faith alone. They not only cost a great

deal of money, but on a rapidly rising scale. .Assuming

that the actual cost is closely identified with capitalization,

we find that the bill reaches the respectable total of

$665,513,201. That is to say, whereas the capitalization

of Canadian railways was $1,210,297,687 (as revised) in

1910, it stood at $1,875,810,888 in 1915. But that is not

the whole cost. Aid was given in cash by the Dominion,
the provinces and municipalities, to the extent of

$38,147,848.20, in addition to which the Dominion built

the eastern section of the Transcontinental at a cost of

$152,802,746. These sums added together make a total

of $856,463,795 as the probable cost of railway lines built

since 1910; and, to make financing easy, the federal and
jjrovincial governments have guaranteed the bonds of rail-

way operations to the amount of $409,869,165 during that

period. These are all large and impressive figures, and
the outstanding" problem at this moment turns upon our

ability as a nation of 8,000,000 to carry the liabilitv in-

\olved without serious inconvenience. In the last analvsis

it becomes a matter of earning power. If the railways

concerned in this vast capital outlay can meet fixed

charges until post-bellum reconstruction has taken place,

there is every probability that rising receipts thereafter

will remove all ground for anxietv. Meanwhile, the

western provinces are in the position of a man who has

endorsed the promissory note of a friend, and sees that

friend struggling to make both ends meet. To be abso-

lutely candid, we have been just a trifle too optimistic in

railway building, and have gone ahead a little faster than

Scotch prudence would approve. But the world will

witness other grave disasters of a monetary character be-

fore Canada, having regard to her resources, finds her-

self in real trouble because of the faith she has shown in

respect of railways.

In 191 5 railwav gross earnings fell off, as compared
with 1914, by $43,240,457. This was largely because

freight traffic declined during the year from 101,393,989
to 87,204,838 tons. Gross earnings, however, had been

steadily on the ascendant for twenty years. In 1895 they

were $46,785,486, Ten years later they stood at
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$106,467,198. In 1913 they reached high-water mark

—

$256,702,703. Not another country under the sun had
done relatively as well. Is it any wonder we grew
sanguine? A setback had really begun before the war
broke out ; but with Europe in arms the decline gained

momentum month after month. It was under such cir-

cumstances that the test of management occurred to which
reference has been made. Operating expenses, which
had been $178,975,259 in 1914, were pulled down to

$147,731,099. Earnings shrank by 17.8, and operating

cost by 17.5. The result was that net earnings were
brought up to $52,111,973, as against $64,108,280 in

1914. This was a fine achievement, all things considered;

but it involved drastic and courageous action. The num-
ber of employees was cut down from 159,142 to 124,142.

Retrenchments took place in many directions. It was a

very trying year. Yet the high standard set for operating

conditions was maintained. Roadbed and equipment were
not neglected. Our railway managers did not lose their

heads and do wasteful things.

The decline in traffic, as has been said, began a few

months before the outbreak of war. Ere the people at

large knew that a period of contraction in trade had begun
the railways knew it. They are always the first to know
whether commerce is moving upward or downward. They
hold the barometer, and an unfailing, trustworthy baro-

meter it is. Commerce has no particular centre. Foreign

trade is registered at the Customs Department ; but do-

mestic trade has no point of registration. Railway earn-

ings will always show the trend of both foreign and do-

mestic commerce. These earnings are recorded weekly,

and the man who watches them really has his finger on

the pulse of national business life. For trade and traffic

are synonymous terms. So, let it be repeated, the rail-

ways had primary warning of the slump which started

early in 1914. It continued until September last. Then
the pendulum began to swing in the other direction. War
orders and the harvest combined to bring about the

change. Instead of one day of thanksgiving, the people

of Canada should have been on their knees for a week last

autumn. That unprecedented harvest saved Canada from

very serious trouble ; saved them in a far broader sense

than did the demand for munitions.

The upward movement in railway earnings has con-

tinued with more or less steadiness since last September.

Therefore, without any corroboration from the banks or

any other quarter, we know beyond a peradventure that

the commerce of Canada has been actively growing. A
very substantial part of the losses in gross receipts incur-

red between March, 1914, and September, 1915, have

already been retrieved. This recovery is not wholly

attributable to the movement of grain and war materials.

Trade in general has answered to the impulse of confidence

—that subtle, yet potent, force beneath all enterprise. It

is well this change took place. It concerns us all. When
earnings are pouring into the coffers of the railways,

everybody should rejoice ; for railway earnings are invari-

ably and necessarily the reflex of trade. Let nobody
grumble when the railways are doing well ; the people at

large are also doing well. Of course, the fall in earnings

last year smashed practically all the nice looking and en-

couraging averages which had been built up in railway

statistics year by year since 1895. It looks at this moment,
however, as if many of them would soon be restored to

former levels. .^11 the conditions are favorable.

There is another aspect to the decline of last year,

and the circumstances whicli produced it, that cannot be
ignored. There will inevitably be a lull in railway build-

ing for a time. Caution has succeeded to daring. Nobody

knows what adjustments will be necessary when the war
is over. Canada is in the best position of any country
affected by the war to stand the strain, and Canada, too,
is in the best position to receive the immediate benefits of
peace. Immigration has been the parent of our railway
expansion since the early nineties, and the outflow of
population from Europe, when fighting ceases, must come
in large measure to our shores. We hold the land avail-
able for settlement on attractive terms. But capital will

be at too high a premium for some years to make financing
easy, and we must not forget that railways are constructed
on borrowed money. On 30th June last there were barely
1,600 miles of new line under contract, as compared with
many times that mileage two years ago. Not a single
new line has been started since 1914. We are therefore
facing a period of comparative inactivity. This will af-

ford time for much-needed digestion of the ten thousand
miles of railway put into operation since 1910. New-
mileage is invariably low in density of traffic for quite a
period of years. Whatever may be said on the score of
prudence respecting our rapid railway building, there is

satisfaction in the reflection that we at least have the
transportation facilities to make enormous development of
our resources practicable. To bring about that develop-
ment is one of the great problems to which the people of

Canada are now called upon to address their energies.
They have the power to win.

FUEL-OILS FROM COAL.

Advocating the use of raw tar as engine fuel, and,
further, low-temperature carbonization, in a paper on
"Fuel-Oils from Coal," read before the Manchester As-
sociation of Engineers on February 26, Mr. Harold Moore,
M.Sc.Tech., stated that shale oil was a satisfactory sub-

stitute for petroleum, but that Scotland produced only

300,000 tons of crude oil per year, whilst the petroleum

output of the United States had amounted to 33 million

tons in 1913. Ordinary horizontal coal-gas retorts gave
from 9 to 13 gallons of tar per ton of coal (about 5 per

cent, bv weight), while low-temperature carbonization

yielded from 10 to 20 per cent, of tar. These figures fall

within those quite recently given by Professor Bone. The
lighter fractions of the tar distillate were known as creo-

sote, and served both for timber preservation and as fuel

for Diesel motors. Tar-oils from low-temperature car-

bonization being hardlv on the market yet, the possibilities

of raw tar as engine fuel had to be studied. Raw tars

cost about 25s. or 30s. per ton now, which was half the

price of the distillate ; heavy tars yielded about 25 per

cent, of their weight as tar oils, so that the direct utiliza-

tion as fuel of raw tar, which was made all over the

country, and not in special works only, would make four

times the material available for power purposes. In

calorific power tars were 16 per cent, lower than average

petroleum oils. This consumption of tars, like that of

heavy petroleum oils, in internal-combustion engines re-

quired, however, the use of an ignition oil and a special

fuel-pump and atomizer for that oil. These problems had
been investigated on the Continent, and Constam and

Schlapper had found out that Diesel engines could be run

on vertical-retort tars, on chamber-oven tars, water-gas

and oil-gas tars, certain coke-oven tars, as well as on

lignite tars, but not on tars from horizontal and inclined

retorts. Mr. Moore entirely agreed with this conclusion.

Requisites for fuel tars were: High hydrogen contents;

low contents of "free carbon" (which would wear out

cylinders and valves) ; high calorific power ; moderately
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low viscosity; less than J pof cent, of water (to prevent

irreoiihir ninnint;) ; low coking value (not over 15 per

cent.) ; and low ash content (not exceeding 0.15 per cent.).

The Premier Tarlcss Fuel Company avoided decomposi-

tion of the tar in the retort by working annular retorts

with outlets at both ends, under a high vacuum of 25 ins.

of mercury at 900 deg. or 1,000 deg. Fahr., and obtained

from slack 20 to 25 gallons of tar per ton; from poor

cannel coal, 52 to 60 gallons ; and from good cannel, 60

to So gallons. When dehydrated this tar made an excel-

lent Diesel-engine fuel. Mr. Moore finally suggested to

submit the hot gases to fractional condensation by cold in

three successive stages; the first stage would yield pitch

and free carbon, the second oils, the third the volatile ben-

zene, toluene, etc. ; the oils (carbolic, anthracene) of the

second stage should give a good engine fuel, which, if too

rich in naphthalene, could be preheated in tanks.

EXPERIMENTS IN WATER SOFTENING WITH A
ZEOLITE-LIKE SUBSTANCE."

By Robert N. Kinnaird.

THE application of the chemical exchange properties

of zeolites to the art of water softening indicates

an important step in the evolution of the art. The
peculiar ability of zeolites to exchange their alkaline

bases has been known for a number of years. Dr. Robert

Gans, of the Royal Prussian Geological Institute, has been

the foremost investigator of this group of minerals, and

is probably the first to conceive of their applicability to

water purification. Dr. Gans and others have measured

the exchange capacity of a large variety of natural zeolites,

and concluded that the natural deposits were either too

rare or too greatly associated with impurities to be of

commercial value in themselves. He therefore sought to

develop a synthetic product having as large an exchange

capacity as possible. His product is beginning to be fairly

well known in this country and is coming into extensive

commercial use abroad.

You are probably acquainted with the general nature

of the process. The synthetic product, in chemical com-
position, is a hydrous aluminum silicate in combination

with sodium. A hard water containing calcium and mag-
nesium salts in contact with this material exchanges its

calcium and magnesium ions for the sodium ions in the

silicate, the result being that the medium is transformed
to a calcium silicate, and the salts carried by the water
become sodium salts in combination with the original acid

radicals. After the silicate has absorbed its capacity of

lime and magnesia, it is restored to its original sodium
condition by forcing the action in the opposite direction

through the agency of a solution of salt or sodium chloride.

Under such conditions as are favorable this artificial pro-

duct is the basis of an ideal process. Salt is cheap. The
chemical application is automatic in so far that fluctuating

hardness is self-adjusting. No precipitation of insoluble

salts is inv'olved, consequently there is no insoluble sludge
of which to dispose. Sedimentation and filtration are

eliminated.

The natural substance, which the writer has been in-

vestigating, is a hydrous aluminum silicate in combination
with calcium, which is capable of exchange for sodium In

the raw state at a high rate and to at least as high a

*Read before the Iowa Section of the .'Vmerican Water-
works Association, Iowa City, Iowa.

capacity as the synthetic product. The writer has suc-

ceeded in evolving a method of measurement of the rates

of exchange in both directions of the reaction with con-

siderable reliability and accuracy.

Des Moines city water, which has a total carbonate

and sulphate hardness of over 300 parts per million, has

been softened in experimental filters. In the laboratory

of Dr. Edward Bartow, of the Illinois State Water Survey,

these Des Moines experiments have been duplicated with

the University of Illinois water having a total carbonate

hardness of 300 parts per million.

With a filter layer 2 feet in thickness, rates of filtra-

tion of 2 gallons per minute per square foot and upwards

have been obtained with water of 300 parts per million

hardness. This is equal to the rapid sand filtration rates

and suggests the substitution of this natural medium either

in gravity or pressure filters for municipal use. The re-

quirements for containers and drainage and washing

systems would not be unlike the arrangement for rapkl

sand filtration. More Idle time would be involved in t\u-

regenerating process than Is at present consumed in wash-

ing the filters which would Increase somewhat the bulk of

the equipment. The cost per unit capacity would there-

fore be somewhat more than the cost of rapid sand filters.

The other items of expense would be in the cost of the

medium as compared with sand, its life and the cost of

salt for regeneration. It is not unlikely that the medium
can be produced very cheaply, as compared with a

synthetic product. The material with which the writer

has experimented requires some refining and hardening

to give it mechanical form. The process is not involved

and if handled in large quantities can be made to meet a

heavy demand at an easily practicable figure.

Present information indicates that 4 pounds of salt

can be counted upon to completely convert i pound of

equivalent calcium carbonate to sodium carbonate, and
the writer feels justified in saying that the indications are

that this can be reduced. Assuming a ratio of 4 to i, and

300 parts per million hardness, 10 pounds of salt would be

required to treat 1,000 gallons of water. Salt is marketed
in car-load lots at S3 and upwards per ton. .Assuming $5
per ton, the chemical cost would be 2j4 cents per 1,000

gallons, which is easily competitive with lime and soda.

The two processes, however, are not strictly compar-

able. The zeolite process gives a completely softened

water without reducing the total solids. The lime process

reduces the hardness by the amount of bicarbonates, while

the soda process is only useful in that it converts calcium

and magnesium sulphates to the sodium sulphates, which

is exactly the same chemical substitution as is made by the

zeolite. Either alone or in combination with lime, the

zeolite process will be a most valuable finishing process.

For waters harder or softer than 300 parts per million the

cost figures would vary about in proportion to the hard-

ness. Complete softening would probably be neither

necessary nor desirable for municipal use, which would

reduce the cost proportionately. For harder waters, the

depth of the medium layer could be somewhat increased,

sufficient probablv to maintain rates of flow nearer the

usual rates, without increasing the equipment except as

to depth of the containers.

"America's Electrical Week" has been selected by the

Campaign Executive Committee as the official name for the

great electrical celebration, Decenibcr 2 to g, 1016. A start

has already been made on the nation-wide campaign which
from every indication will surpass even the wonderful results

accomplished by the 191 5 "Electrical Prosperity Week."
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Stresses in Lattice Bars of Channel Columns.

Sir,— In fulfilment of a promise made to you in my
letter of March 14th, I enclose herewith a few notes upon
Mr. Pearse's paper on "Lattice Bars," published in The
Canadian Engineer of February 24, 1916.

(i) Fig. 3, page 274, which is intended to show the

variation of stress in the two channels, is a bit misleading.

The enclosed sketch

gives a somewhat bet-

ter idea of how the

stress is distributed.

Let C represent the

distance between the

centre of gravity lines

of the two channels,

which are a distance B
back to back and dis-

tance O out to out.

Then the total stress

due to bending in chan-

nel marked "C R" is

A C ^. , , ,
I

rr fe mstead 01 2« —
2 U 2

(2) The distance D'
(Fig. 4) appears to

represent not only the

distance between rivet

lines but also the dis-

tance between gravity

lines and the distance

between the resultant total stresses in the two channels

as well.

(3) Euler's long column formula, Equation 7, for

I

hinged ends, applies to columns for which the ratio —
is greater than 200, and is of little use for practical investi-

gation. "Column I," which the author uses to test the

soundness of his theorv, has an — of "57.8, and the greatest
r

— of any column in his table (page 275) is 92.

(4) The coefficient of —r of Rankin's column formula,

given in Equation 3, is the same as is used in the Dominion
Government Specifications, igoS, for a column with one

fixed end and one pin end.

(5) It may not be out of plabe to say that any column

formula which contains the factor — as a measure of the
r

slenderness of a column should be viewed with some
suspicion, for it can easily be proved, either mathemati-

cally or empirically that a rectangular column with free

ends will not bend in the plane of its least dimension.

(6) The testing laboratory is the only source from
which we may ever hope for the solution of the column ;

and any prophecv eminating from such a source should

be given its just weight.

In the laboratory the loads are artificial, the condi-

tions are ideal, and the material and fabrication are usually

above the average. Such tests stand much in the same

relation to the real problem as the sample packages left

at the hack door resemble the article produced over the

counter.

(7) .Since the memorable date of August 29, 1907,
over a hundred monographs on compression members
have been published, and the conclusions have not always

been satisfying. The problem has created as much mathe-
matical discussion as did perpetual motion a generation

or more ago.

(8) The structural engineer will be greatly encouraged
by Mr. Pearse's paper since it is an indication that archi-

tects in some localities at least are in sympathy with the

problems of the engineer.

CHARLES A. ELLIS,
Professor of Structural Engineering,

Urbana, 111. University of Illinois,

OiI=Tar Creosotes.

Sir,—Referring to your editorial of December 30th,

1915, and to Dr. John .S. Bates' letter in your issue of

February 24th, 1916.

Dr. Bates' letter is an outline of the methods usually

employed for distinguishing between coal-tar creosotes

and water gas tar creosotes. These are the methods
usually employed for this purpose, and, as a rule, are

very satisfactory in determining the character of unmixed
oils.

However, as Dr. Bates says, it is not so easy to detect

mixtures, and, sometimes when the mixtures are made
with the intention of deception, it is practically impossible

to detect them. The recent introduction of tars produced
in vertical retorts and at low temperatures (which are ex-

ceedingly good tars) has further complicated this matter
of detecting the presence of water gas tar, since these

tars sometimes contain a considerable proportion of

paraffine compounds.

The whole matter, then, gets back to what the writer

has maintained several times ; that is, that the detection

of addition of water gas oils to creosote is exceedingly
dillicult and requires a great deal of experience.

AMERICAN TAR PRODUCTS COMPANY,
Per E. B. Fulks, Vice-president.

Chicago, III., March 8th, 191 6.

Through traffic over the line now being built from Petro-
grad to the .Arctic port of Kola is now possible as far as the
rail head at the south-western corner of the White Sea at

Soroka, but traffic along this line will be light until it is in

full working order. The Port of Soroka is not large, having
had heretofore merely local fishing and lumbering importance.
It has been subject to all the difficulties suffered by .\rchangel
and caused by the ice conditions prevalent in the "neck" of

the White Sea, where it opens through a strait into the Arctic

Ocean. In 1913 only 45 vessels put into this port, with a
tonnage of 43.3S0. and the departures were 71 vessels, with a

tonnage of 47,061. The vessels were extremely small, many
being mere barges constructed roughly to carry lumber and
intended to be knocked down at the end of the voyage to

other White Sea ports.
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HITl.MINOUS l>AVIN(i IM.ANTS.

(( oiitiniiiil from fyiigc .i.t'i)-

properly, and cannot be handled properly on the street.

If too hot, the asphalt cement is injured w hen tossed atx)ut

in the mixer in thin films upon the overheated aggregate.

In the present plants, change of temperature will oc-

cur most fiequently through variations in rate of feed or

through delays in turning out the material which necessi-

tates shutting off the feed and allows the drum to become

overheated. The most common cause of temperature

change would be removed by the regular mechanical feed

of aggregates as described above.

In any case, it would be comparatively simple to

apply to the control of temperature of the dryers, the

principle of the ele<tric thermostat which is attached to

the draughts of the ordinary house furnace. This ther-

mostat could be so set that when the predetermined upper

limits are reached at the boot of the hot elevator, an

electric motor would come into operation which would
open a trap at the discharge chute from the drum, allowing

the mineral aggregate to drop into a screw conveyer, dis-

charging onto the grov'.nd.

ITiis conveyer would be interposed between the end

of the drum and the hot elevator, so as to remove the over-

heated material before entering the elevator. Simultane-

ously, the motor should open the fire doors of the drum,
allowing the cold air to enter. \\ hen the temperature

has dropped sufficiently, and the electric contact is broken,

the motor should operate and close the trap, permitting

the aggregate again to enter the elevator.

A similar operation could be adjusted for predeter-

mined minimum temperatures.

Present arrangements for control of temperature
necessitate taking a sample of aggregate from the boot of

the hot elevator and testing it there or at the mixer, and
if the temperature is not right, either discharging the ag-
gregate from the top of the . hot elevator or from the

storage bin. This latter operation is always attended with
confusion in shifting teams beneath the mixer or in

changing the rate of feed of aggregate. The uniformity
of temperature and general satisfactory operation of a

plant depends very largely upon the continuity, and any-,

thing which interferes to shut down or disturb the mixing-

operation immediately throws the entire work out of gear,
and leads to other disturbances.

Screen and Bins.—Generally, in handling complex
mineral aggregates, the proportions are approximately de-

termined at the cold elevator, but in order to avoid segre-

gation in bins or drums, the best practice requires the

screening of the aggregate into several compartments and
sizes, the number of operations depending upon the com-
plexity of the aggregate.

In most plants, this is not accomplished with sufficient

accuracy or with sufficient provision against contingencies
which arise during plant operation. Frequently, the

storage bins uf>on these plants are small-, and when sub-
divided into compartments, the operating screen is too
short to make a clean separation. Sometimes the parti-

tions are light and do not come up sufficiently around the

.screens, and when one bin becomes filled, while the ad-

joining one is nearly empty, there is enough deflection in

the partitions to move them beyond the line of division of

the screen, permitting one bin to catch aggregate which
should drop into the other. Frequently, also, if the plant

is not taking material as fast as it might, or if the feed

has been varied, one bin will fill up and in the absence of

an overflow spout from each individual compartment,
material from one bin will crowd over into the next.

It follows, in any case, that in weighing out aggre-

g.ile from different bins, the proportions set are departed

from, and variable aggregate discharges into the mixer,

for which the amount of asphalt cement may be entirely

unsuited. To correct this condition, it is necessary, when
this occurs, to stop the work, empty out the bins, thereby

interrupting the smooth operation of the plant and causing

disturbances in other directions.

This occurrence is a most frequent one at paving

plants, and is the cause of much unnecessary trouble and

irregular mixture. In fact, it sometimes becomes so

troublesome that it is often advisable not to make a screen

separation of aggregate, but to regulate it as closely as

possible at the cold elevator. Unless this screen device

is so constructed as to operate without causing contami-

nation of the various aggregates with each other, it be-

comes a source of constant danger. It should be a com-
paratively simple matter to design this separating unit so

that it will actually perform the work for which it is

intended.

Mixing.—After the aggregate has been separated into

its components and delivered to the storage bins at the

proper temperature, the next and most important step is

the combination of The various elements into the final

pavement mixture.

Until recently, it was common practice to measure
the aggregate by volume, either in a box of constant

capacity or by striking off an open measuring box. The
writer has frequently observed these boxes of constant

capacity operating with upper and lower slides, which
would not permit shutting off from the bin without first

opening the discharge. .\s a result, a considerable

quantity of material over the theoretical capacity frequently

passed into the mixer before the upper slide was shut off.

In one case which resulted in a dispute of binder

yardage, it was found that the amount of binder actually

turned out was 20 per cent, in excess of the capacity of

the measuring device, just on this account.

The use of open boxes for measuring is liable to the

objection that it requires striking off by the laborer, and
this in the long run is slighted. Measuring devices of

this kind, as well as volume measurements of asphalt
cement, are fortunately almost a thing of the past. It is

now customary upon the most modern plants to weigh
these various ingredients. Unfortunately, however, the

class of labor available for this purpose cannot generally

be depended upon for accuracy, even in so simple a matter
as weighing, and the result frequently is in error, owing
to overdrawing of weights, changes of tare, and errors

in handling weights.

The automatic scales on the asphalt concrete bucket
should be of a kind which would operate somewhat dif-

ferently. This should be devised in such a manner that

the given amount of asphalt cement will be discharged
from the bucket regardless of its tare. This would elim-

inate the greatest source of error at the mixer, and would
result in uniformity of the product of the plant.

It is believed that the foregoing accounts for a very

considerable amount of defective or partially defective

work which sometimes results in spite of the best of in-

tentions on the part of the paving contractor and his

employees. It is further believed that the manufacture
of paving mixtures should be facilitated by applications

at least equally effective as those available for processes

of similar importance. The plant manufacturer who de-

votes attention to such details will do much toward for-

warding the interests of the asphalt paving industry, and

his efforts will be apprcx;iated by all responsible for the

success of the product of these paving iilant--.
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UNIT CONCRETE CONSTRUCTION FOR MAN
HOLES, VAULTS AND CATCH BASINS

AT ST. JOHN, N.B.

By R. Eraser Armstrong, A.iM.Can.Soc.C.E.

Engineer and Superintendent, Department of Water and
Sewage, St. John, N.B.

SEVERAL new departures have been made recently
by the city of St. John, N.B., in which concrete has
played a large part as an economical material of
construction. The use of unit concrete blocks in the

construction of manholes, catch basins, gate valves,
vaults, etc., has effected a saving of from 10 to 40 per

cent, of the original brick

construction cost, besides
making a better and more
durable piece of work.
The standard unit

adopted is circular in sec-

tion, 3 ft. diameter on
the inside and consists of

a concrete block 4 ins.

thick by 12 ins. high and
forming one-sixth of the

circumference of the
circle. Each block
weighs gfi pounds and is

Fig. !.

—

Concrete Block, Unit cast in special moulds
of Construction. made for this purpose. .A

.
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VVelland, Ont.—Work has commenced on the ex-

tension of the Niagara, WellancI & Lake Erie Railway

line.

Winnipeg, Man.—Further damage from electrolysis

to sewers and pipes has been reported to the board of

control by the city engineer's department.

Alberta Province.—In u)io there were 1,060 miles of

railway in .Vlberta, and in 1915 it had increased to 4,473
miles, according to figures recently issued by the gov-

ernment.

Kingston, Ont.—The Utilities Commission is entering

into an agreement with J. M. Campbell, whereby the latter

will furnish it with 300 horse-power of electrical energy

from his waterfall at Kingston Mills, as auxiliary power
for the Kingston steam plant.

St. John, N.B.—At a public meeting held at Arm-
strong's Corner, Queen's County, a resolution was passed

approving of the proposal to change the route of the St.

John Valley Railway from the so-called east side route,

and urging that the line be constructed so as to make
connection with the C.P.R. at Welsford, and thus reach

St. John.

Chatham, Ont.—Building operations in this city dur-

ing the three months ended March 31st show a great de-

preciation as compared to the same period of last year.

Building permits for the past three months amount to

$16,050, or 823,150 less than last year during the same
period. Last month's permits amounted to $2,850,

against $11,050 for last year.

Markham, Ont.—Markham \illage, which is installing

a water system into the newly annexed suburb of Mount
Joy, expects to have it completed about June i. The work
of putting down the new pipes was fairly well advanced
in the fall, and the handsome steel water tower is finished.

It is 160 feet high, and takes six hours to fill. It will

hold 60,000 gallons, and will have a pressure of 70 pounds.

Medicine Hat, Alta.—It is reported that the cement
plant south of Medicine Hat, partly completed, and which
has been lying in its present state since the collapse of the

building trades business some few years ago, will re-

commence construction. This plant was started by Leigh
Hunt, of Kansas City, well known in Canadian circles, and
he was employed by the Max .Aiken interests to build it.

Ottawa, Out.—On March 30th the railway committee
of the Commons reported a bill extending the time for

the construction of the Atlin Railway from the town of

.\tlin southward to the international boundary. The bill

to incorporate the Edmonton and Southwestern Railway
was reported. The projected line will run from Edmonton
to a point on the Saskatchewan River, near Blue Rapid.

Prince Rupert, B.C.—The new floating dry dock and
ship repairing plant, which the Grand Trunk Pacific Rail-

way has built at Prince Rupert, is now open for business.

The dock is in three units, with a total lifting capacity of

2c,ooo tons. All the units are interchangeable, and each

is complete in itself. When all three are joined together

the -dock will be capable of raising a vessel 600 feet long

of 20,000 tons. The dock has an over-all length of 604
feet 4 inches on the keel blocks, a clear width of 100 feet,

and a width over all of 130 feet.

Toronto, Ont.—Seven hundred thousand dollars worth
of work will he done on the new harbor development by

the Toronto Harbor Commission itself this summer. 1 he

development cast and west in Ashbridge's Bay and at the

Humber has been almost entirely government work. This

will be continued this summer, and, in addition, the

Harbor Commissioners will start in on their transform.i-

tion of the old harbor. The commissioners' plans provide

for establishing at the foot of Bathursl Street a dock and

industrial area of 17 ;cres north of the new channel. This

area will be served with 800 feet of dock with 20 feet of

water. At this point will be constructed modern freight

sheds and a factory liuikling. The proposed bulkhead

line at the city waterworks dock lies 330 feet south of the

new windmill line, while the proposed pierhead line is 920
feet southerly from the windmill line, the distance increas-

ing as the line is projected easterly.

Winnipeg, Man.—With a view to providing a net-

work of better roads all over the province, Hon. T. 11.

Johnson, Provincial Minister of Public Works, will ap-

point an organizer to form new districts throughout Mani-

toba in connection with the split-log drag competitions.

An instructor will be named, and additional grants given.

According to A. McGillivray, highways commissioner,

there are only 15 districts out of no that have taken ad-

vantage of these competitions to date. These 15 are ad-

jacent to Winnipeg. A new set of rules will be drawn up
and more encouragement given. Municipalities desiring

to take up the work in an organized manner will have the

expenses in connection thereof defrayed by the govern-

ment. The government will make a grant of $2.50 per

mile of road entered in a competition and dragged during

the entire season, besides the usual grant of $250 to the

Manitoba Good Roads Association.

Regina, Sasik.—Good progress is being made on the

new million-dollar plant of the Imperial Oil Company now
under construction in this city. One large oil tank 115

feet in diameter and 35 feet high, is just about completed,

and there remains only the roof to put in place. A second
large tank over 90 feet in diameter is about half com-
pleted ; two 25-foot tanks are well under way, and the

foundations are being laid for two additional 93-foot tanks

and three 75-foot ones. These tanks are being made of

steel, the material for w-hich is shipped to Regina from
Sarnia, Ont. It is ready to set in place as soon as it

arrives on the grounds. One warehouse has been erected

30 ft. by 50 ft, a machine shop 25 ft. by 35 ft., and a

temporary boiler house, and other small buildings.

Machinery for the new plant and rnaterials are being re-

ceived almost daily. It is expected that within a short

time work will commence on the permanent buildings.

When completed, the plant will constitute the chief dis-

tributing centre of the Imperial Oil Company for Western
Canada, covering the three provinces, Manitoba, Sas-
katchewan and Alberta.

AMERICAN WATERWORKS ASSOCIATION.

The thirty-sixth annual convention of the .American

Waterworks Association will be held in New York City,

June 5th to 9th, 1916. Headquarters will be at the Hotel

.'\stor. Overflow accommodations have been arranged for

at the Woodstock Hotel, 43rd Street, east of Broadway,
a short block from the .'Vstor. The Waterworks Manu-
facturers' ."Vssociation promises an exhibit of waterworks
appliances much ahead of any previous convention.

Thursday will again be set aside as superintendents' day

and devoted to short practical papers by waterworks super-

intendents; answering questions and discussing everyday

waterworks problems.
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PREPARING FOR THE FUTURE.

Sir George Foster, addressing the Toronto board of

trade recently, showed, as minister of trade and com-
merce, a keen appreciation of the national and interna-

tional trade position as it is likely to appear after the war.

He predicted that unless we now plan and act for the

period to follow the war, we shall pay a heavy penalty

for commercial unpreparedness. He gave a clear outline

of the position and the first question which must have

arisen in the minds of his audience, was "What is Canada
doing in this connection?"

Sir George answered this question only to an extent

which would seem to show that the department of trade

is hampered by politics, by lack of sufficient appropriations

for the work of the department, by insufficient assistance

or by other factors. The department has the proper con-

ception of the situation but has it enough machinery for

its materialization? Here we are, after nearly two years

of war, listening to the first proposal of its character that

an advisory council of Canada's financial, industrial, com-
mercial and transportation leaders should be appointed to

co-operate with the department of trade at Ottawa. It is

an excellent suggestion and one which has constantly been
made in these columns. It comes, with official backing,

a year behind time, but it is a good omen. Great Britain

not only appointed such a committee long ago, but the

committee has met and presented a report of considerable

value.

Those who heard Sir George Foster's speech, know
that he is working on right lines, but is the government
as a whole and the country at large giving the proper sup-

port to what is at present one of the most important de-

partments of state, its commerce department? We think

thev are not.

AN ENGINEERING COUNCIL.

Mr. C. H. Rust, who was for many years city

engineer of Toronto, and who has been city engineer of

Victoria, B.C., for the past few years, is probably one of

Canada's best-known engineers, and is a man of wide ex-

perience. It must be a great comfort to Mr. Rust, how-
ever, to have so many valued engineering assistants in the

city council of Victoria this year.

Despite Mr. Rust's strong objections, the council

insisted recently in calling for tenders for untreated wood
paving blocks. Mr. Rust advised them that they were
taking a retrograde step, not conducive to the best in-

terests of the city, explaining that the lifetime of the

treated wood block is from' 50 per cent, to 75 per cent,

longer than that of untreated block, and that, moreover,

the treatment tends to make the block waterproof.

Mr. Rust said that the first cost of the block is not

the only matter to be considered, and told of the ad-

vantages of the treated block which are so generally

recognized by all engineers. Three of the aldermen,

however, had ideas of their own about block paving work..

One of them wished to lay a tar base, then to place the

untreated block against the rails in a diagonal position,

and then to cover the whole over with tar. Another

alderman favored the untreated block, because he said

that it would keep the moisture from sinking to the tar

cushion underneath, where it would linger and perhaps
disintegrate the block. The third alderman said he
favored treatment in "crude oil instead of in tar."

However, we are taking a daily newspaper report as

our authority concerning these suggestions of the alder-

men, and perhaps we may be doing them an injustice, as

daily newspaper reports on technical matters are not
always absolutely correct. But if this report was correct,

City Engineer Rust must certainly greatly appreciate the

council's assistance. Having in their employ a man of the

ability of Mr. Rust, it seems to us that the Victoria council

would do well to leave purely technical matters of this

sort entirely in Mr. Rust's hands.

ESCHER-WYSS FIRM INVESTIGATED.

For more than a year there has been considerable

doubt as to whether or not the firm of Escher-Wyss &
Co., of Zurich, Switzerland, is a German concern.

Zurich is near the German border, the firm name
sounds Teutonic, the company admittedly owned a branch
factory in W'urttemberg, and their managing engineer in

Canada was a German subject.

Superficially the combination looked suspicious. In
fact it looked so suspicious to the British War Office that

many months ago the firm was put on the enemy trader
list. This action brought forth strong protest from the

Swiss Consul-General at London, but nothing was done
pending the result of a thorough investigation into the
firm's affairs by representatives of the British Government.

The directors of the firm requested full examination.
They claimed that they were strictly neutral ; that about
as many Englishmen and Frenchmen worked at their

shops as did Germans ; that their stock was held in

Belgium, France, England and Switzerland, as well as
in Germany ; that stock-control was in Switzerland and
not in Germany ; that the shares held by Swiss banks
were not held in trust for the Allgemeine firm, as had been
alleged ; that the German government had taken over their

Wurttemberg factory, and that they no longer had control
over it; that their firm had made no munitions of war;
and that since the war they had sold more goods to the
countries of the .Allies than they had to Germany or
.Austria.

These claims were fully investigated, and as a result
the Canadian customs commissioner has been officially in-

formed by London that the name of the company has been
entirely removed from the Black List and that the Imperial
Government is satisfied that the firm is genuinely Swiss.

The Canadian Engineer is very pleased to hear that
this firm, which has done much good hydraulic and steam
turbine work throughout Canada, is not an enemy trader.
It may appear to them that they have not been justly
treated in this country during the past year, but they must
surely recognize that no part of the British Empire can
afford to run the slightest risk of English money finding
its way to Germany.
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P i: R S O N A L , OBITUARY.

R. II. Llil'; li:is been offered the position ol city

engineer at Kamloops, B.C.

A. T. ARNOLD has been appointed supervisor of

public works at Chatham, Ont.

D. AN'SCOLD, for eleven years road superintendent

of Xnrth Vancouver, B.C., has resigned.

|. D. McMillan has been appointed acting superin-

tendent of Districts 5 to lo, BellevilK- Division, Grand

Tnink Railway.

T. C. DUNCAN, for three years superintendent of

ihe light and telephone department at Prince Rupert,

B.C., has resigned.

H. M. WILLLAMS has been appointed head of the

publicity department of the Montreal Light, Heat and

Power Company, with oflices at 301 Power Building,

Montreal.

J. W. ADAMS has been appointed city engineer of

Chatham, Ont., to succeed his brother, F. P. Adams, who
has been granted leave of absence, and has enlisted for

overseas service.

ALONZO B. SEE, president of the A. B. See Electric

Elevator Co., Montreal and New York, has been elected

"ice-president of the Machinery Club of New York City,

to succeed the late John A. Hill, publisher of the American
Machinist.

N. BRUCE McKELVIE, of the firm of Hayden &
Stone, Boston and New York, has been appointed a

director of the Nova Scotia Steel & Coal Co., Halifax,

N.S. Mr. McKelvie is a native of Prince Edward Island.

This appointment completes the board of directors.

JOHN D. McBE.VTH, C.E., of Moncton, N.B., has

been given a commission with the Canadian Engineers

for overseas service. Mr. McBeath is a graduate of the

University of New Brunswick, and was for a time assistant

engineer in Moncton and later assistant engineer in

Medicine Hat, returning to Moncton last spring.

A. E. WRIGHT, of the Dominion Steel Foundries,

Hamilton, Ont., has been promoted to the position of

secretary-treasurer, and FRED W, SHER>LAN will

assume the duties of purchasing agent. MR. H.AMMON,
who was formerly secretary-treasurer, has severed his con-

nection with the company, and has taken up his residence

in California.

Ex-Alderman GEORGE McKNIGHT has been ap-

pointed city engineer of Fredericton, N.B., and will take

over his new duties about April 15th. At present Mr.
McKnight is engaged as an engineer with the St. John
and Quebec Railway Company, having been engaged in

the construction work on the St. John Valley Railway
from the start of that project.

W. H. ROBINSON, of Granby, Que., has been
elected president of the Canadian Consolidated Rubber
Company, Limited, Montreal, to succeed Mr. J. H.
McKechnie, deceased. Mr. Robinson is already identified

with a number of large corporations, being vice-president

of the Granby Consolidated Mining &.- Smelting Company,
and a director of the Crow's Nest Pass Coal Company.

NORMAN K. HAY, city engineer of Sydney, N.S.,

has enlisted for overseas service in the 224th (forestry)

battalion, and has been granted leave of absence while at

the front. Mr. Hay was graduated from McGill University

in 1907 and went to Sydney the same year. He took a

position at the street works as street engineer under W.
C. Risley and remained there until June, 1913, when he
became city engineer. Private Hay is a native of Ottawa.

in-^\R\' HARTUNG, a well-known sewer contractor,

died recently at his home in Hamilton, Ont., at the age
of 51.

GEORGE P. BRECKON, head of the lirm of G. P.

Breckon & Co., sheet metal workers, Toronto, Ont., died

suddenly at his plant on March 30th.

WILLIAM E. MANN, M.Can.Soc.C.E., died as the

result of ha\ing fallen down the elevator shaft in the

.Alberta Hotel, Edmonton, Alta., March 29. 1916. Mr.

Mann was at one time division engineer for the Grand
Trunk Pacific Railway, and was a member of the Edmon-
ton branch of the Canadian Society of Civil Engineers.

H. N. DANCY, president and managing director of

H. N. Dancy & Son, Limited, mason contractors, and for

upwards of half a century a resident of Toronto, died in

this city recently. Mr. Dancy was born in Ditchling,

Sussex, England, in 1846. Among other large buildings

erected under his supervision were the new Wyrliffe

College, General Hospital, .Administration Building and
Knox College.

LUNCHEON OF TORONTO BRANCH CANADIAN
SOCIETY OF CIVIL ENGINEERS.

The Toronto branch of the Canadian Society of Civil

Engineers proposes holding a luncheon at the St. Charles
Hotel, Toronto,' on Thursday, .April 27th, at i p.m. It

is hoped that sufficient attendance will be warranted to

justify the securing of a good speaker for this occasion.

We would, therefore, urge upon all members of the

branch who can possibly do so to make it their business

to attend this luncheon as undoubtedly it will be a pleasant

and profitable occasion.

The secretary of the branch, L. ^L .Arkley, asks that

members ascertain as fully as possible the names and
standing of as many prospective members as possible in

the vicinity of Toronto. Co-operation on the part of each
member in this matter would be heartily appreciated by
the executive.

ONTARIO HEALTH OFFICERS' ASSOCIATION.

T. Chalkley Hatton, chief engineer of the Sewerage
Commission, Milwaukee, Wis., is to deliver a paper on
"The Treatment of Sewage by .Activated Sludge," at the

meeting of the Ontario Health Officers' Association, to

be held in Convocation Hall, LTniversity of Toronto, May
30th and 31st, 1916.

COMING MEETINGS.

AMERICAN W.ATERWORKS ASSOCIATION.—
Thirty-sixth annual convention to be held in New York
City, June 4th to 8th. Secretarv, J. M. Diven, 47 State

Street, Troy, N.Y.

REMOVAL NOTICE.

The British American Oil Co., Limited, has moved
its head office at Toronto from the Lumsden Building to

the Royal Bank Building, corner King and Yonge .Streets.
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PRECISE LEVELLING BY THE GEODETIC SURVEY
A REVIEW OE THE WORK BEING DONE BY THE GEODETIC
SURVEY OF C.A.NADA IX MAKING A PRECISE SYSTEM OF LEVELS.

By F. B. REID, D.L.S., Supervisor of Levelling.

LEVELLING may be defined as the art of determining

the relative heights of points on the earth's surface.

t Precise levelling differs from ordinary levelling in

several respects, both as to the instruments used

and the field methods employed ; finer materials and work-
manship enter into the construction of the instruments

and special precautions are taken in the field to avoid the

curately determined bench marks to connect with at short

intervals and is still further facilitated by the use of

contour maps of the country, these having been prepared
with a line or a net of precise levels as the basis. In this

connection it is interesting to note that the Public Works
Department, at the time of making the surveys for the

proposed Georgian Bay Ship Canal, found it necessary

^<>.
'O

Fig. I.— District Covered by Levels Run from United States Coast and Geodetic Survey B.M. at Rouse Point.

accumulation of errors on long lines. One of the most
important precautions is the system of duplicate levelling

—all work being run at least twice, in opposite directions.

To anyone familiar with the practice of ordinary levelling

various other differences in procedure will reveal them-
selves during the course of this paper.

The value to any country of a system of levels of high

precision is unquestionable. The exploratory and other

preliminary work in connection with engineering projects

such as railways, canals, highways, water supply and irri-

gation systems, etc., is much facilitated by having ac-

several years ago to run a line of precise levels from Rouse
Point, N.Y., to North Bay, Ont., via \'audreuil and

Ottawa, checking this by means of water transfers across

Lake Ontario and a line of precise levels from Toronto to

North Bay. Again, it is significant that at least two of

the leading .Vmerican railroads—the Pennsylvania and the

Baltimore and Ohio—have carried out precise levelling

operations of considerable magnitude at their own expense.

Judging from all the above that the work is of con-

siderable practical value to the public at large, let us turn

for a moment to its usefulness in connection with the
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various topograpliical surveys carried on by the Militia

and other Government Departments, the International

Boundary Survey and the triangulation branch of the

Geodetic Survey, j. B. Johnson, in his manual of sur-

veying, has the following to say on this latter phase of

the subject: "In order that triangulation distances may

be reduced to sea-level, the elevations of the bases at least

must be found. It is impossible to carry elevations ac-

curately from one triangulation station to another by

means of the vertical angles, on account of the great

variations in the refraction. Barometric determinations

of heights are also subject to great uncertainties unless

observations be made for long periods. The only accurate

method of finding the elevations of points in the interior

above sea-level is by first finding what mean sea-level is at

a given point, by means of automatic tide-gauge records,

for several years, and then running a line of precise spirit

Fig. 2.— District Covered by Levels Run from B.M. at St. Stephen, N.B.

Established in 1873 by the U.S. Corps of Engineers, and from

Mean Sea=Level as Established by the Tidal Survey

at Halifax, N.S.

levels from this gauge inland and connecting with the

jjoints whose elevations are required. Most European
countries have inaugurated such systems of geodetic

levelling, this work being considered an integral part of

the trigonometrical survey of those countries."

Precise levelling is, whenever possible, carried along

railway tracks, rather than along highways or across

country, the advantages of this practice being many. The
rate of rise and fall of the track is usually fairly uniform

and no steep hills are encountered, thus allowing longer

average sights to be taken and allowing the backsights

and foresights to be easily kept of equal length. The rails

furnish excellent supports for the levelling rods and thus

the time is saved which would otherwise be consumed in

putting artificial turning points into the ground. The
masonry structures—bridges and culverts—situated along

the railways are utilized for placing permanent bench-

marks; this is of advantage both to us and to the railway

companies. Again, the use of a hand-car for going to and

from work and for moving along from point to point

during the day, effects a large saving of time and labor,

and the transportation of the camping outfit from camp
to camp by freight is cheaper and more convenient than

the method by horse and wagon, .\gainst these and other

advantages may be set the fact that the refraction and

boiling of the atmosphere caused by the sun is considerably

greater on a railway track, owing to its exposed character

and the materials of which it is constructed.

Datum Planes and Territory Covered.—Geodetic

levelling is always based upon mean sea-level as a datum,
mean sea-level being assumed to be everywhere the same
except insofar as it may be affected by the irregularities

of the coast line, as, for instance, in land-locked bays or

the estuaries of rivers in which the free entry and exit of

the tide may be obstructed. .Automatic self-registering

tide gauges have been established and are maintained
by the Tidal and Current Survey, Depart-
ment of the Naval Service, at various points

on the .Atlantic and Pacific coasts ; regarding
the determination of mean sea-level by the

aid of these gauges the superintendent of

the survey, Dr. Dawson, has made the

following statement: "The value of mean
sea-level is found in the first place for a

period of one continuous year at a time. It

is based upon the height of the tide at every
hour (day and night) taken from the auto-

graph record of the tide gauge. By compari-
son with direct observations for time and
height, the record from the registering gauge
is reduced to a truly uniform datum from year
to year, with relation to a bench mark. The
value of mean sea-level in each year is thus

the average of 8,760 individual measure-
ments at successive hours without a break.

If any serious interruption occurs, a fresh

beginning is made. The basis for the final

determination is in all cases a series of com-
plete years of this character ; and such de-

terminations have evidently a very high

accuracy."

The levelling of the Geodetic Survey has

been started from five bench marks or refer-

ence points, in widely separated parts of the

country, each one being connected—more or

less directly—with mean sea-level. The first

levelling was started from the United States

Coast and Geodetic Survey bench mark at

Rouse Point, N.Y., and two lines have been

extended from this point, one easterly through Megantic

and Levis to Edmundston, N.B., and Riviere du Loup,

Que., with several branches to the international boundary,

and the other westerly to Ottawa, Toronto and Windsor,

also northerly to Sudbury and Sault Ste. Marie; at the end

of last season this line had been extended 200 miles north

of the Soo to Franz, the junction of the Algoma Central

Railway with the main line of the C.P.R.
; 3,370 miles of

levelling are included in this district. The second initial-

point was a bench mark at St. Stephen, N.B., whose
elevation had been established by the United States Corps

of Engineers in 1873; from this our levels have been

carried northerly to Riviere du Loup, Que., and easterly

to Moncton, N.B., the total amount of levelling, including

cross lines and branches, being 1,022 miles. The initial-

point for the third district was the automatic tide gauge
at Halifax, mean sea-level at this point having been

established by the Tidal Survey from their records extend-

ing over nine complete years. Two main lines of levelling
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have been run from Halifax, one extending to Yarmouth,
the other to Moncton, the total amount of levelling in-

cluded in this district being 592 miles. It is satisfactory

to be able to state that the two elevations of the junction

bench mark at Moncton, as derived from the St. Stephen
datum and from the Halifax datum, differ by only tw^o-

tenths of a foot. The two elevations of the junctiori bench
mark at Riviere du Loup, as derived from the St. Stephen
datum and from the Rouse Point datum, differ by a little

over four-tenths of a foot.

The initial-point for the fourth district was the
United States Coast and Geodetic Survey bench mark at

Stephen, Minn. To utilize this we were obliged to run

45 miles of levels through Minnesota to the international
boundary at Emerson, directly south of Winnipeg. From
Emerson one line was extended easterly to Port Arthur,
the other westerly to Regina, Prince .Albert, Edmonton,
Calgary, etc. Last summer this line was carried west
from Calgary over the summit of the Rocky
and Selkirk mountains and was discontinued
for the season near Revelstoke, B.C.

; 3,279
miles of levelling are included in this district.

The initial-point for the fifth district was
the automatic tide gauge at Vancouver,
mean sea-level at this point having been
established by the Tidal Survey from their

records extending over seven complete
years. Levels from Vancouver extend
southerly to the international boundary at

two points and also easterly a comparatively
short distance; 142 miles of levelling are
included in this district.

From the above summary it will be seen

that a transcontinental line has been almost

completed, only two gaps in the line now
remaining, one between Franz and Port

Arthur and the other between Revelstoke

and the end of the Vancouver line, the

length of the gap, by a coincidence, being

about 295 miles in each case. It is confi-

dently expected that these will both be filled

in during the coming season and we shall

then have an unbroken line of precise levels

connecting the tide gauge at Halifax with

the tide gauge at Vancouver. This line is

rapidly being paralleled by a second and
in some cases by a third line where this

advisable.

Criticism has come from some quarters because the

levels have been based partly upon intermediate points

like Rouse Point, N.Y., and Stephen, Minn., instead of

entirely upon the tide gauges on the sea coasts. At least

two answers may be made to this : firstly, when the work
was in a more or less experimental stage and the staff was
inexperienced it would not have been advisable to conduct
the levelling at such a great distance from headquarters

;

secondly (and more important), the results were required

for the use of the International Boundary Surveyors and
others, and with the limited organization then available

it would have taken a very considerable period ot time to

carry levels from the Atlantic coast to the Quebec-Vermont
boundary, for instance, or from the Pacific coast to the

provinces of Saskatchewan and Manitoba.

Instruments.—The instrument adopted is a precise

level of the United States Coast and Geodetic Survey
pattern.

Great care has been expended on the construction of

the rods used upon this work. They are built up of three
pieces of white pine, giving a cross-section in the form

of a symmetrical cross, this form having been found to

offer the greatest resistance to bending and warping.
They are boiled thoroughly in paraffin which tends to

keep them of constant length under varying conditions of

atmosphere and temperature. Silver plugs are inserted

in the face of the rotl approximately at the three, six and
nine-foot points, and the exact positions of these points
marked by a fine scratch on the face of the plug ; the rod
is then subdivide^ into feet, tenths and hundredths in

alternate white and black spaces of one one-hundredth of

a foot. When observing the rod the readings are made
to thousandths, the hundredth .spaces being subdivided by
estimation. .Vs it is impossible to subdivide a black space
accurately at the distance the rod is usually observed, two
sets of graduations are placed, side by side, one on each
side of the centre line of the rod, the white spaces of one
adjoining the black spaces of the other ; thus the observer
has always a white space to subdivide by reading on the
right-hand or the left-hand set of graduation marks, as
the case may be. The bottom of the rod is encased in a
brass shoe which is fitted underneath with a hemispherical
knob of steel ; this is specially suitable for holding on a

O^ Qa^ T^ /t /O

Fig. 3.— District Covered by Levels Run from the B.M. Established by the
United States Coast and Geodetic Survey at Stephen, Minn.

is considered flat surface such as the top of the rail of a railway track.

Another piece of apparatus which is very necessary
is a large carriage umbrella with a handle about 8 feet

long, provided with a spike at the end to insert in the
ground. The umbrella is used whenever the sun is shining
while observations are in progress, to shade the instru-

ment from its rays ; without this the parts would become
unequally heated and irregular and unreliable action of

the bubble would follow.

While carrying the instrument between sights a cover
of duck or cravenette is used for the same purpose; this

also is used to protect it when working during a light rain.

In a heavy rain the work has to be discontinued.

Field Methods.—The standard bench mark established
by the Geodetic Survey consists of a copper bolt ^ inch in

diameter and 4 inches long, stamped on the end with the
letters "G.S.C., B.M." (Geodetic Survey of Canada,
Bench Mark). The bolt is sunk horizontally in rock or
masonry, a hole being drilled of the exact size of the bolt

or a shade larger and the latter hammered till it completely
fills the hole, the end being flush with the surface of the
masonry or projecting slightly. Properly put in, it is im-
possible for anyone to remove it without destroying the
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surrounding: rix-k or masonry. After the exposed end has

been planed lo a smooth surface by means of a lile, it is

stamped wiih a steel die containing ihe above-mentioned

letters. Tlu-n, by means of a cold chisel, a hori/onlal cross

mark is made, upon which the elevation is taken; linally

the number is stamped with other steel dies. Rlevations

arc not marked on because the elevation of a bench mark
is a precise levelling net may not be finally decided upon

for a long lime. The closing of circuits and introducti<in

of new cross lines will call for adjustments which will make
changes of greater or less magnitude in the elevations.

Also, the compulation of the elevations from the field notes

is a work of some magnitude and would delay the opera-

tions of the parties were it performed in the field. It is,

therefore, left to be done in the office after the notes have

been carefully checked. I might say, also, that an en-

gineer would not usually attempt to look for the bench

marks haphazard, but would set out armed with descrip-

tions of their locations.

Levellers are instructed to aim at getting bench marks
at intervals of about three miles when suitable locations

which may be encountered en route. Engineers are thus

enaiiled, if they wish, to reduce their elevations to our

precise datum without any a<iditii)ii:il field work on
their part.

A precise levelling party consists of seven men, the

chief or leveller, recorder, two rodmen, umbrellaman, cook
and a railway employee, usually a section man, to pilot the

hand-car. Camps are made at the stations along the line,

the distance apart varying from 10 to 20 miles. The
levelling is carried continuously forward, day by day,

through the camp and to a point about half-way to where
the next camp ahead will be.

General instructions issued to levellers are: "All lines

are to be levelled twice, in opposite directions, called for-

ward and backward levelling. Backward shall in every

respect be independent of forward le\elling and the same
turning points shall not be used. If the forward levelling

is made in the forenoon, the backwand—over the same
section—should be made in the afternoon, it being desir-

able to secure as much difference in atmospheric condi-

tions between the forward and backward measurements

A LB£ft TA 3 ASK A T C H £. V\/A N MA N IT O B A

Fig. 4.— District Covered by Levels Run from B.M. of the United States Coast and Geodetic Survey at Stephen, Minn

can be found, and in no case to run more than eight miles

without establishing one. To comply with the latter re-

quirement it has been found necessary to erect, at certain

points, concrete piers, specially for bench marks. These

piers are 6 feet 3 inches high, 9 inches square at the top

and 15 inches square at the bottom, resting on a concrete

footing. The whole pier is buried to within about 9 inches

of the top, and the copper bolt built in, near the ground

surface, having been previously stamped and numbered.

The piers are usually built on the railway right-of-way,

within 3 or 4 feet of one of the fences and on fairly level

ground, where they will not be exposed to danger from

future alterations in the railway grade.

Temporary bench marks are placed at intervals of i

mile or thereabouts. They consist usually of spikes,

driven horizontally into telegraph poles, and, as their

designation implies, they are used only for convenience

while the work is progressing. They are not embodied in

the final records.

Besides establishing our own bench marks as above

described, it is our practice to connect with any permanent

or semi-permanent bench marks of other organizations

as is fK>ssible without materially delaying the work for

this purpose.

"Other things being equal, it is considered better

practice to complete all forward levelling to be done at

one camp before making any backward measurements,
rather than to run a few sections forward and then back-

ward and repeat this process two or three times before

moving camp.
(Read before the Royal Astronomical Society of

Canada, at Ottawa, March 31, 1916.)

{To he continued.)

Satisfactory accounts have been received of the perform-
ance of the ice-cutting car-ferry Leonard which was built by
Messrs. Cammell, Laird and Company to convey the National
Transcontinental Railway Company's trains across the St.
Lawrence from Quebec to Point Levis. Since her first trip in

May last the vessel has transferred as many as go cars in a

single day. The trains are carried on a tidal or upper deck,
which has three lengths of track, 272 ft. long and each able to

hold three passenger coaches. The vessel has three sets of

triple expansion engines, two being for propulsion, while the
third drives the ice-cutting jiropeller. which is fitted at the bow.
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SOOKE LAKE PIPE LINE SUCCESSFULLY
OPERATES THROUGH A HARD WINTER.

THIS pipe line was built in order to utilize Sooke
Lake as a water supply for Victoria, B.C. The
contract for the construction of the line was
awarded to the Pacific Lock Joint Pipe Company,

and the contractors, having the necessary forms on hand
for a 42-inch pipe, agreed to put in a 42-inch pipe instead

of a 40-inch pif>e, as had been suggested by the engineers.

The pipe was made of a shell 3 inches in thickness and
in 4-foot lengths, except the pipe for syphons, which was
more heavily reinforced, the shell being 4 inches thick.

In The Canadian Engttieer for Xoxember iSth, 1915,
there was published an illustrated description of the above
work as presented before the American Society of Muni-
cipal Improvements by Mr. C. H. Rust, the city engineer
and water commissioner of \'ictoria, B.C.

As a piece of municipal engineering work, this job
attracted a great amount of attention, and for this reason

deal of hardship in getting in supplies. The only damage
done to the pipe was occasioned by a small slide which,
however, was not serious. Nearly the whole length of

-Circuitous Route followed Owing to the Rough
Nature of the Ground.

we feel that it would be desirable to recapitulate some of

the details of this plant, and also to give further informa-

tion which has been supplied to us by Mr. Rust, this

information being of particular interest as it has been

secured after the work has successfully weathered the

winter storms and the particularly cold temperature which
prevailed on the Pacific Coast last winter. After nine

months of operation the Sooke Lake pipe line emerges
victoriously in that no material damage has been done
during its first months of actual operation. This is all

the more remarkable when it is stated that Vancouver
Island has, during the past winter, experienced the

coldest weather it has ever known, so far as the recol-

lection of the oldest inhabitant goes. It went as low
as 12° below freezing. Luckily, however, the snow was
excessive, which probably protected some of the work to

a greater or lesser extent.

Owing to the deep snow it was difficult for the patrol

men to keep up communication and they suffered a good

Fig. 2.—Construction Railway Trestle and Syphon
Over Ravine.

the pipe, which is 27 '2 miles long, is laid on the side of

a mountain and of the total length of pipe 55 per cent, is

in curve
; the longest tangent being 600 feet. This will

give some idea of the difficulty of the construction work,
not only from the point of view of alignment, but from
the point of \ iew of the contractor, who had to transport

Fig. 3.— View Showing Kuugh Nature of Ground Over
which Pipe Line was Constructed.
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material to all parts of the line. A road-bed 8 feet wide

was constructed for the pipe, which was built as a Rovf

line conduit. The construction of this road-bed necessi-

tated the removal of alx)ut 270,000 cubic yards of

material, over half of which was rock. This rock was
hard trap except in the J '..-mile section near Sooke Lake,

Fig. 4.—View Showing Timber Trestle of Construction Railway and
Concrete Trestle for the Pipe Line.

which was schistose. This latter part of the pipe line was
covered, as slides were feared. The remainder of the line

was left uncovered.

In order to facilitate the work, a narrow-gauge con-
struction railway was built paralleling for the most part

the line of the concrete pipe. This was built to flow line

grade, temporary log trestles being built over ravines

which the pipe line syphoned across. The deepest svphon
is 600 feet long and has a head of 90 feet operating.

The general grade of the flow line is one in a thousand.

lire protection. The road-bed in all other places was rock
ballasted. The rails used were 20 pounds and were laid

on split ties of Douglas fir. Wherever it was deemed
necessary for tiie expedition of the work, side tracks were
cut in.

As fast as the railway was available for operation the

concrete aggregate, reinforcing, timber,

etc., were hauled out and permanent
structures started. The concrete trestles,

which were generally located on sharp

curves, were the chief item.

The pipe, which was manufactured at

Cix)per's Cove, has been described in these

columns before. It was delivered to all

parts of the work by the railway. It was
found that when pipe had been properly

covered there was no danger of it being

damaged in transit, and no precautions out

of the ordinary were taken to protect the

pipe. On the syphons large concrete

anchors were cast around the pipe, as

shown in the accompanying photograph.

.\t the bottom of the valleys, which were

syphoned over, the pipe was laid on con-

crete trestles and a clear waterway left

for floods beneath the pipe. No par-

ticular difficulty was experienced in laying

the pipe, which was done with a pipe

tripod and chainblock, an overhead trolley

svstem proving a failure owing to the

crookedness of the lines.

The pipe has withstood the ravages of

winter well ; no ver)' large leaks develop-

ing. It is noteworthy that the specifi-

cations for the pipe did not require that the pipe should

be absolutely watertight. The specifications stated

that "the pipe shall be considered tight, provided that

the accumulated leakage at any place does not show
greater than as continuous drops leaving the outside

surfaces of the pipe at any point. The Pacific Lock Joint

Pipe Company, who supplied the concrete pipe and
guaranteed it for one year, are repairing the few small

leaks which have developed during the winter.

Fig. 5.—Concrete Antlim ui a >\phon Section of

the Pipe Line.

Particular attention was paid to this railway, the

trestles of which were built of the available timber in the

locality. ^Vater barrels were installed on the trestles for

RAILROAD EARNINGS.

The following- are the weekly railway
March :

—
Canadian Pacific Railway.

igi6. 1915.

March 7 $2,ig8,ooo $1,667,000
March 14 2,258,000 1,731,000
March 21 2,281,000 1,738,000
March 31 3,491,000 2,564,000

Grand Trunk Railway.
March 7 $ 992,026 .$ 852,151
March 14 957,542 857,147
March 21 967,233 8^,937
March 31 1,592.-142 1,346,969

Canadian Northern Railway.
March 7 $ 540,200 $ 428,700
March 14 538,000 412,000
March 21 549,000 421,700
March 31 979,800 637,000

The following .ire the railroad earnings for

of April :— Canadian Pacific Railway.
1916. 1915.

April 7 .$2,4X2,000 $i,7<J6.ooo

Grand Trunk Railway.
April 7 $1,155,486 $1,008,320

Canadian Northern Railway.
April 7 $ 677,000 $ 457,000

earnings for

+ $531,000
+ 527,000

+ 543.000

+ 927,000

+ $139,875
+ 100,395

+ 109,296

+ 145,473

-I- $111,500
+ 1 26,000

+ 127,300

+ 342,800

the first week

+ $716,000

+ $147,166

+ $220,000
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GRAPHICAL TREATMENT OF ELASTIC RIBS.

I. BEAMS.
HE deflection of curved or straight beams or arch
ribs can easily be determined analytically, accord-
ing to C. S. Whitney, M.C.E., in "The Cornell
Civil Engineer," by the use of the calculus for very

simple cases, but where the shape of the rib is irregular
or the moment of inertia is variable so that it cannot be
expressed by a simple equation the treatment becomes

T

quite difficult. By the remarkably simple method ex-
plained below it is possible to draw lo scale the elastic

curve for any rib or beam under any load in a very short
time. The method seems to be practically unknown in

this country, and although it is original with the writer

method here outlined in combination with the theory of
virtual displacements affords the simplest of all methods
of analyzing such structures as continuous beams, two-
hinged arches, or fixed reinforced concrete arches.
Asymmetry or irregularity of section does not affect the
ease of solution. Results can be obtained by the graphical
method with any degree of accuracy which may be war-
ranted by practical considerations.

The deflections are obtained by the graphical integra-

tion of the familiar equations

'Mxds . . fMds
A.v = [Myds ^ ri

and ^0 = /EI J EI
the derivation of whicli may be found in Church's "Me-
chanics of Engineering" and other texts. It must be noted
that the integration is from the point of which the dis-

placements are to be obtained to the point where the rib

is considered fixed and the displacements secured are
relative to the tangent and normal at the point considered
fixed.

In the case of the simple straight cantilever (Fig. i)

the y displacement, Ay^ of any point O relative to the
• B jvf X ds

tangent AB is equal to /
'

or if the beam be
/; EI

divided into small ^ s's the value of -^ y is approximately

_. B
1/f .V- A 5 As

^ ^— . If the value of ^ ^
be made a constant,EI

then

EI
A 5 ^-B

Eq.

The simplicity of this equation suggests a graphical
summation which may be accomplished by means of the
force polygon and funicular polygon, as shown in Fig. 2.

Fi^. 2.—Graphical Construction of Elastic Curve of Cantilever.

he has found that it has been in use in Europe for some
time.

Although .'\merican engineers prefer the theory of
least work in solving statically indeterminate structures,
the theory of virtual displacements is often much simpler;
and, aside from its use in determining deflections, the

As an example, we will consider a cantilever beam with
a wedge-shaped end. The beam is first divided into

A 9

small lengths so that -=- is a constant. A moment dia-
tL 1

gram is then drawn for the assumed condition of loading
which will be taken as a concentrated load at the end.
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rill' ccnlros of the dilTcri'nt divisions ol the beam are
projected down through the moment diagram and the
corresponding moments are laid off algebraically in order
on the load line of the force polj'gon. A pole is then
chosen at any convenient distance, />, from the load line

and the rays are drawn. The funicular polygon A"B' is

drawn with its sides parallel to the rays of the force
polygon just as though the moments were forces acting
at the centres of gravity of the division of the beam. A
consideration of the geometry of the two figures will show

at once that the ordmate So is equal to > M x divided

by p, that is ^^,.^/.v = pCo. This may be seen from the

two shaded triangles Ofg and o'f'g' which are similar

d.=
10 Kl

I

= 0.3542
PI/

Church's "Mechanics of Internal Work" gives the

PI.'
,value .3540 -r^- for the deflection of the same beam.

I--I B

Eighteen or twenty divisions of the beam or rib are enough
for ordinary cases and the scale need not be made large
to bring the error within one or two per cent.

Exactly the same method may be applied to- ribs with
curved or polygonal axes. The moments for any loading
are laid off algebraically on the load line and the funicular

polygon is constructed on the lines formed by projecting

down the centres of the divisions of the rib. The curve
obtained is, of course, only the curve of the y displace-

ments.

It must be apparent that the .v-displacements may be

Shear- Influence Lines

because their sides were made parallel. .^Z, : a = p: .v» or

M,.v,
T^, ,. • , f , ,

a.
—

. the ordmate So is therefore equal to the sum-

mation of the values of
U x

from O to B. Since this

relation is true for any point, a curve drawn tangent to

the funicular polygon is the elastic curve itself and the
deflection of the beam at any point is given by the

expression

do = K y = pz, ^ .

The value of p is measured by the scale of the load

line of the force polygon and So by the scale of the beam
diagram AB. From Fig. 2 the following results were
obtained

:

Sa = A"A' = .506L
As

dx = 7 PL X .S06L X -gj

A.? L

'eT ^ io£/„

Fig. 3.

—

Graphical Determination of

Reactions, Moments and Shears

for Continuous Beams.

obtained in exactly the same manner by projecting the

centre points horizontally and constructing a funicular

poh'gon with sides perpendicular to the rays of the force

polygon used for the y-displacements. The application to

curved arched ribs will be shown in another article.

This simple method of determining displacements may
be used to great advantage in analyzing statically indeter-

minate ribs or beams. It is used as a means of applying

the theory of virtual displacements, and Maxwell's
Theorem of reciprocal displacements is also employed.

A statically indeterminate frame may be considered

as a statically determinate frame with certain redundant

forces acting on it. These forces or reactions must be

such that when the frame is loaded its deflections at cer-

tain points are as desired. That is, the deflections at points

of rigid supports must be zero, etc. The deflections of a

frame when acted upon by a number of forces are equal

to the sums of the deflections produced by the forces acting

independently and this makes a simple analysis of a com-
plex structure possible.

Consider the simple case of the cantilever previously

treated and let an unyielding support be placed under the



April 20, igif). THE CANADIAN ENGINEER 459

free end. The beam then becomes a statically indeter-

minate beam fixed at one end and simply supported at

the other. Neglecting the effe<;t of the redundant simple

support, let the deflection of the free end point A produced

by the load P concentrated at any point, O, be -^^o = P'^ao.

(i^o being the deflection at .4 under unit load at O. The
reaction at .4 must be just great enough to produce an

equal and opposite deflection of the point .4 or •^^j, must

be equal to -^^0

and R =P\^'

.A.ccording to Maxwell's theorem of reciprocal dis-

placements the deflection at O produced by a unit load at

.4 is equal to the deflection at .4 under unit load at O or

S .» = 5,

then R

OA

The preceding example is of theoretical interest only
and is given to explain the method. In order to make the
method clearer it will now be applied to the case of a

centre-bearing girder swing-bridge which is in the form of

a two-span continuous beam. The complete solution, in-

cluding typic-al influence lines for shear and moitients, is

given in Fig. 3.

The girder is statically indeterminate to the first de-

gree and the c-entre bearing may be considered as a re-

dundant support. Let the centre support be removed and
replaced by a unit vertical force. The moment diagram
for the resulting simple beam may then be drawn. The
girder should be divided into about twenty parts making

- - constant. The centres of these parts are then pro-

jected down in parallel lines. The ordinates of the moment
diagram under these centre points are laid oft' to scale on
the force polygon with a pole at O and pole length p.

The funicular polygon is then drawn with its sides parallel

Fig. 4.—Construction of Elastic Curve.

In Fig. 2, the elastic curve of the simple cantilever

under a load at .4 is already found so that when P is unity

-^op-
A5

R = P
S.

and S.

= P

P EI

from which the reaction at .4 under a load P at any point

may be easily found. The elastic curve previously deter-

mined then becomes the influence line from the reaction

P
.

R since R equals the constant ^ —times the ordinate of

the curve under the point of load.

It should be noted that the solution may be made per-

fectly general and also that the effect of a displacement of

the support may be considered. If the support at .4

settled an amount d, the reaction would then only have to

be great enough to produce the deflection {^^a
—' d) at .4

and the formula for R becomes,
dEI

.-5„.

-

R
S.

= P-
-p ^ s

tion of the beam under central load is Since the

to the rays and the closing line of the polygon is a check
on the accuracy of its construction. As before, the curve
tangent to the polygon is the elastic curve and the deflec-

sp^s
EI

centre is so supported that there can be no deflection there,

the deflection of the centre point produced by the centre
reaction must be equal and opposite to that produced by
the superimposed load or for a load P at any point O

PS^ axP«AA = P^

and R = P-.

The curve tangent to the funicular polygon, the elastic

curve, is therefore the influence line of the centre reaction.

The different values of s can be readily scaled off and
tabulated as desired. When the centre reaction influence

line has been constructed, influence lines for moment and
shear at any section may readily be constructed and the

position of load for maximum stresses determined without
the use of involved formulae. When the load is on the

right of the section considered, the moment at the section

is equal to
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in which v is the <listancc of the load from the right end,

(1 is the distance of the section from the left end and I is

the total length of both spans. Also for a load I' on the

right of the section, the shear at the section is equal to

~T\T ~ p)
From these two equations the influence lines may be

drawn as shown in Fig. 3.

The ease with which the deflection at any point of a

girder of variable moment of inertia under irregular load-

ing mav be obtained is shown in Fig. 4. The girder is

divided up as before so that -rrr

assumed combination of loadint^

obtained from the reaction influence line and the moment
diagram is constructed. The average moment ordinates

for the different ^ s's are laid off algebraically in order on

the load line of the force polygon, positive moments down-
ward and negative moments upward. The funicular poly-

gon is then drawn and the deflection of the beam at any

point under the assumed loading is equal to

is constant. For the

the centre reaction is

d =
EI

The funicular polygon should be drawn continuously from

one end to the other and the long closing line when drawn
between the end points should pass through the point

directly under the centre support as there is no deflection

there. This serves as a check on both moments and

graphical construction. The effect of a settlement of the

centre support on the moments and reactions can, of

course, be considered if desired.

Two of the simplest applications of the method have

now been explained and the writer hopes that they have

been made clear as he believes that the method will be

found very valuable. It is not possible for him to give

it a thorough treatment here but it is his intention to give

an outline of the method in this and following article so

that it may easily be applied to the solution of those

ordinary statically indeterminate structures used in

practice to which it may be applicable. It may also be

applied with slight modifications to trussed frames and

braced arches as well as to beams and arch ribs, but that

can not) be taken up here. Its use for the design of the

Sciotoville bridge is explained by Mr. D. B. Steinman in

the "Engineering Record" of August 28, 1915, page 258.

Many very laborious methods of applying the elastic

theory are still in use and the writer is at a loss to know
why they have not before been simplified.

The theory of virtual displacements is much simpler

in most cases than the theory of least work because by its

use the effect of the various forces on the structure can

be considered separately as acting on a statically deter-

minate frame while the least work theory requires that

the effect of all the forces be combined in one equation and

the equation differentiated. The latter method seems to

be more popular with teachers as it lends itself to nice

mathematical treatment but the writer has found that for

any but very simple cases the former method, which in-

volves no long equations, is easier to apply and more
practical.

Some important investigations into the effect of

commercial treatments upon the strength of Douglas fir

bridge stringers have been described in "Wood-Pre-
serving" by O. P. M. Goss, who was in charge of the

Seattle Timber-testing Laboratory of the United States

Forest Service. The results of these investigations have

recently been published by the Forest .Service in Bulletin

No. 286, and show that bridge stringers treated by the

boiling and steaming processes lost from 33 to 35 per

cent, of their original strength. Due to this loss in

strength, it was necessary to use low fibre stresses in

the design of structures built of creosoted timber. In an

effort to eliminate this difficulty a large number of ex-

periments have been made with various treatments.

The most successful treatment yet devised for treat-

ing bridge stringers and similar forms without loss in

strength is that of "boiling under a vacuum." When
green timbers are creosoted by this method the treat-

ment requires approximately zfi hours, and is, in gen-

eral, as follows :

—

The timbers are placed in the retort and creosote oil

introduced at a temperature of 160° to iSo° F. Heat is

applied, and the temperature of the oil gradually raised

to 190° F. and held at that temperature for 5 to 6 hours,

a sufficient length of time to warm the timbers through.

When the timbers are thoroughly warmed, a

vacuum of 24 to 27 in. is drawn on the oil, still holding

a temperature of 190° F. This vacuum is drawn through

an overhead pipe extending from the top of the retort

for 36 ft. vertically into the air and returning to the

condenser. Tiu- purpose of this pipe is to prevent the

creosote oil from boiling over into the condenser while

boiling under the vacuum. This vacuum is started at

16 to 18 in., and as the timber seasons, is gradually

raised to 24 to 27 in. The full period of vacuum is 12

to 16 hours. It is continued until the rate of seasoning

of the timber is o. i lb. of -svater per cubic foot of wood
per hour, .^fter this finished rate of seasoning is reached

the vacuum is broken and pressure on the oil started,

which rises as high as 120 to 135 lbs. per square inch,

and continues for 4 to 6 hours. The temperature of the

oil during the pressure period drops from 190° to 180° F.

By this process to to 14 lbs. of oil per cubic foot may
be pressed into the wood.

This method is a modification of the Boulton pro-

cess, and at the low temperatures used seasons the wood
even better than the old oil-boiling process, which em-
ployed so much higher temperatures. Timbers treated

by the method of "boiling under a vacuum" are notice-

ably easier to press than timbers treated under the old

boiling process. The edges of the checks which develop,

due to seasoning, are very sharp, showing that the wood
is not burned at all.

The Panama Canal, which has been closed to navigation
since September 18, 1Q15, owinK to landslides, will be re-

opened for vessels of deep draught, April 15, according to an
announcement by the acting Governor of the Canal Zone.

In a note on new antiseptics Nature refers to the use of

electrolysed sea-water for the disinfection of hospital ships,

remarking that though the production of hypochlorite by the

electrolysis of salt solution for bleaching purposes, and the

powerful antiseptic properties of hypochlorite so produced,
have long been known, the idea of electrolysing sea-water on
the vessel which is to be disinfected is a novel one. It is

due to Dr. H. D. Dakin, whose apparatus consists of an
electrolytic cell, which, with a current of 65-75 amperes at no
volts, yields a solution of two parts per 1,000 of hypochlorite

at a cost of about 3d. per too gallons. This solution, diluted

with an equal volume of sea-water, is sufficiently strong to

sterilise flonr<;. decks, latrine*;, etc. It has been used on the

Aquitavin on her last two voyages, with excellent results.

I
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FEDERAL PLAN COMMISSION'S REPORT
GOVERNMENT RECEIVES RECOMMENDATIONS LOOKINC. TOWARD THE CREATION OF A TRULY
IMPOSING CAPITAL—NEW GROUPS OF GOVERNMENT BUILDINGS, NEW CIVIC BUILDINGS,

PLAZAS, BOULEVARDS, PARKS, BRIDGES, TUNNELS, SUBWAYS, ETC., INCLUDED IN PLAN.

SIR THOMAS WHITE, Minister of Finance, last

month presented to Parliament the report of the

Federal Plan Commission on a general plan for the

cities of Ottawa and Hull.

The report is very comprehensive, looking to the

future growth and development of the cities of Ottawa and

Hull and their environs, and particularly providing for the

location and beautification of parks and boulevards, for

the location and architectural character of public buildings,

and for adequate and convenient arrangements for traffic

and transportation.

.As the first step in the development, the formation of

a federal district for Ottawa and Hull is urged by the

Commission. In 1858, when Ottawa was chosen as the

capital, Canada was merely a union of the provinces of

Quebec and Ontario. Neither province was willing that

the other should have the capital within its borders, and '

accordingly for many years the government was migratory.

It was soon seen, however, that the government must ha\^
a permanent home, and the matter was referred to Queen
Victoria, who chose Ottawa. The choice was a happy one,

because, while in the Province of Ontario, Ottawa is only

across the river from the Province of Quebec, and is much
nearer Montreal, the commercial centre of Quebec, than

it is to Toronto, the commercial centre of Ontario.

Now that Canada has become a great federal state,

however, it appears to the Commission that there is some-

thing anomalous in leaving the capital of the whole federa-

tion under the municipal laws of one of its provinces.

Federal control alone will ensure the carrying out of really

adequate plans. Certainly the needs and dignity of th«

capital are the business of the people of all Canadp.
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MUNICIPAL AND RAILWAY CENTRE OF PROPOSED FEDERAL DISTRICT.

Reconstructed Central Portion of Ottawa, Ont., as it will be after Federal Plan Commission's Work is Completed,

if Government Proceeds with Programme Suggested. View looking north toward the Parliament Buildings,

showing Plaza, proposed Post Office on the right and propo.sed City Hall on the left.
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' MoreoM'r, il <."()iil<l not be ex-

pected that a nuinicipality

would be able to pei 101111 such

a task on an adequate scale, or

that a steady, continuous policy

•could exist under municipal

go\ criimciit.

Improvements Recommended.
—The general aspect of Ottawa
w ill cei tainly be iniposint; when

. proposed improvements are

nade. The central area in the

city will be a great open

/ space riuining southward irom

Chateau Laurier and the Plaza

Bridge, and at the same level.

Canal, railway and cartage
^ tralhc will be on a lower level.

The present Grand Trunk sta-

tion will be enlarged into a

I Union Station. The present

';post office will be removed and

4n imposing one erected, facing

tlj le Plaza. .-V new city hall and

va.rious law courts, registry

jvWces, etc., will also be con-

structed facing the Plaza.

A great thoroughfare con-

necting the east and \vest por-

-Aions of the city will be made
of Laurier .\venue, which -will

le widened to 90 feet. The
rade of this avenue will be

iproved by a timnel at the

St end and by the lowering of a bridge across the

deau.

The land west of the parliament buildings will be used

departments of the government. Here, in time, a

"nd group of buildings will be constructed to harmonize

1 those on Parliament Hill. These buildings will house

chief governmental activities, but bordering on the

it of Major Hill Park and stretching along Sussex

et there will be other buildings less ornamental in

acter and built for practical utility. The various work-

s of the government will be placed behind these on

?st side.

The plan contemplates the devotion of only about 120

acres to government buildings, over and above that

actually occupied by the buildings themselves. For this

ourpose Washington uses about 300 acres ; but so much
and is not required at Ottawa, owing to the advantageous
jsltion on the high banks of a river.

A drive will be built extending along the banks of

Ottawa River from Major Hill Park to the entrance

e governor-general's residence. At the entrance to

grounds of the government house a spacious circle

e created which will give approach also to Rockclifife

'"ive new bridges will be built across the Rideau River
Iso five across the Rideau Canal.

. tunnel will be built under the city, connecting the

y entrances from east and west, and all trains will

ate through this tunnel. Two genera! freight areas,

; at the cast and one at the west side, with necessary
-pots, are recommended.

Industry will be segregated into certain areas, and
the height of buildings will be controlle<l, in order to

.V^-"
''*'

f'/

GENERAL VIEW OF P

Looking southward from Hull, showing river front and Parliament Bi

ensure the government buildings being the dominating
groups.

The overflow from the Rideau River will be controlled

by the removal from the river channel of the old wooden
piers and loose stone, the removal from the river bed of

boulders, the dredging of channels through the shoals, the

raising of the Minto Bridge, the opening of a channel

through the embankment of the Canadian Pacific bridge,

and the widening of the channel past Maple Island. These
improvements were suggested in the report made upon
this subject in 1901 by Andrew Bell, C.E.

It is recommended that the government acquire as a

National Park upwards of 100,000 acres to the north of

Ottawa.
To provide better connection between the two portions

ot the business section of Ottawa, a new diagonal street

will be constructed which will be carried over the railway

and canal by a viaduct.

Somerset Street will be widened and developed as a

cross-town artery. Its elevation across the railway tracks

at the west end of the city will be lowered, and the bridge

will be built across the railway tracks and canal at the

east end of the city.

Elgin, Bank, Bronson and numerous other streets

and roads will be widened and improved. Street car con-

gestion will be removed wherever necessary. A street car

subway under Sparks Street or Wellington Street is

recommended, thus removing the cars from Sparks Street,

which is narrow and will be greatly congested.

It is recommended that trunk arteries be laid down
immediately in proper location, so that outlying areas will

be built up to conform properlv with them. The present

park system is to be improved and other park areas

acquired.
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OSED FEDERAL CAPITAL.

[s, proposed Departmental and Court Buildings and future extensions.

The railway passenger and freight station at Hull is

to be removed to another point. Various streets are to

be widened to 8'6 feet, and a highway constructed parallel-

ing the railway. It is recommended that certain swamp
lands be reclaimed and devoted to industries.

Four new bridges are recommended for construction

across Brewery Creek and the Gatineau River. It is pro-

posed to park the banks of Krewery Creek, the Gatineau

River and the Ottawa River, interfering as little as

possible with existing industries.

Three bridges for the Ottawa River are included in

the plan ; c being at Little Chaudiere Falls ; another,

of monumLiital character, to connect Ottawa with the

municipal centre of Hull ; and a third just below the mouth
of the Gatineau River.

The Commission say that the bridge leading from the

municipal centre of Hull should be a high-level bridge,

and that it would be desirable to provide two levels, one

for transportation and one for general traffic, although this

bridge is now shown on the plan as having but one level.

The present traffic conditions surrounding \'ictoria Bridge,

say the commissioners, suggest this high-level bridge as

an improvement for the near, and not the remote, future.

Specific recommendations are made for water ter-

minals and for the development of the water front for

commercial purposes wherever possible, care being taken

that no real sacrifice will result to existing business

interests.

Considerable highway construction is recommended
in the report, including Heyworth Road, Old Chelsea

Road, Gatineau Road, Renfrew Road, Carleton Place

Road, and arteries leading to the Toronto, Kingston,

Prescott, Morrisburg and Montreal trunk highw^ays.

Various diagonal and branch roads and streets are sug-

gested. .Vmong the minor
recommendations are sugges-
tions too numerous to detail,

regarding the widening and
extension of streets, building
of driveways, bridge ap-
proaches, etc.

Survey.—Active field work
was commenced in November,
1913, maps being prepared
showing all details and desired

information in reference to

streets, railway and water
transportation, etc. The topo-
graphical survey was made
with sufficient accuracy to en-
able it to be used for the foun-
dation of an accurate map of

400 feet to the inch. The
courses of the principal streets

and roads were first run and
triangulated within and beyond
the city limits, and the courses
of the Ottawa and Rideau
Rivers and the Canal were de-

termined, and accurate shore

lines established.

Elevations with mean sea

level at New York as the datum
plane were established along

the principal thoroughfares,

and contours of the cities wer^

laid down as necessary for

particular locations.

Structures belonging to all public utilities wert ii

vestigated, including sewers, water mains, conduits, pok

transmission lines, etc. Tree-planting conditions weyp

examined. Considerable research was made regarding

rate of growth of business. Various economic data was

gathered regarding the intensity and volume of the dif-

ferent classes of railway business, street railway traffic

and facilities, number of government employees, location

of government property, etc.

Railway Situation.—The report includes a most com-

prehensive study of the local railway situation, and recom-

mends that the railways within the district be placed unde

the control of the governing body of the Federal District

Electrification of the unified system is suggested, wit

terminal operation and control, the District to acquire b

purchase or agreement all trackage and terminals withii

its territory. Grade separation, requirements for ex-

pansion, obstacles placed in the way of growth by present

railway situation, present traffic facilities and operation,

growth of traffic, future freight handling systems, and

numerous other topics also are discussed in the report.

Government Buildings.—The floor area is approxi-

mately 3,650,000 square feet, divided as follows : Pro-

posed group west of the western block, 1,500,000 square

feet ; Sussex Street group, 650,000 square feet ; Lyon

Street group, on the south side of Wellington Street,

1,500,000 square feet. The area of floor space now owned
or rented by the government is 1,750,000 square feet, and

there will he required at an early date about 1,000,000

more square feet. Floor areas have been calculated upon

the basis of buildings of five stories, areas of basements

not included.

District Control.—The practice in the United States

and in Europe as regards district control is summarized
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id llic rcporl, and roconiinriidations are made covering

railway areas, dockage areas, hcigiil of buildings, resi-

dential districts, markets, etc. The building regulations

suggested will permit of heights ranging from 80 to no
feet on the principal streets.

The commissioners have made what they consider a

fair estimate, that by 1950 Ottawa will have 250,000 in-

habitants, and tiiey have, therefore, planned in general

for a city of 350,000 people, with an average density of

about 30 people to the acre. This would give a built-up

area of about 20 square miles.

Parks and Playgrounds.—In planning parks and play-

grounds the Commission has provided for a field of Irom

8 to 10 acres within a half mile of every residence in the

city, and the connecting of all parks by means of park-

ways, so as to make the park system continuous and

comprehensive.

The report recommends the acquisition or extension

of 13 parks, it parkways and 50 playgrounds and small

park areas. Flxisting parks total 850 acres, but under the

new plan Ottawa and Hull will have 3,160 acres of parks

and playgrounds.

Other Utilities.— It is recommended that as soon as

possible the practice of emptying untreated sewage into

waterways be abandoned. It is suggested that some

method of disposal be secured to render the elUuenl harm-
less. A site at the mouth of Green's Creek, east of

Ottawa, is approved of for a disposal plant. It is recom-

mended that Ottawa's incinerating plant be removed to

the east of the city in the industrial zone and adjacent to

the railway, and that large cars be [irocured to haul the

garbage by railway to the incinerator. Ltx;ations for stock

yards are suggested which will protect the city from
nuisance.

The report states that a policy should be adopted im-

mediately by Ottawa, looking to the ultimate removal of

all overhead wiring, both in business and residential dis-

tricts. It is recommended that street car trolley wires be

placed on centre poles between the tracks, the street car

transmission wires being placed under the street.

The question of water supply is being given study by
the civic autliorities, so that the Commission makes no
recommendation upon this subject, excepting to suggest

that in whatever scheme of improvement of supply is de-

cided upon, all towns and municipalities within the limits

of the Federal District should be supplied from a common
source adequate for the purpose.

Water transportation receives careful attention in the

report, as it involves several serious problems. Recom-
mendations are made that the canal be retained in its

H- ^
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HULL CIVIC CENTRE AND PROPOSli!) MONUMENTAL BRIDGE.

View looking east over the water-front, showing proposed bridge from Wellington Street, Ottawa, to the Hull

Municipal Centre. Victoria Island will be improved without interfering with existing industries.
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present location ; that the clearance for fixed bridges be

established at 12 feet instead of 30 feet, as at present;

that the canal be developed to afford recreational facilities

;

that no more industrial developments be permitted to take

place afong the banks of the canal between the Rideau
River and the Ottawa River ; and that as soon as possible

such industries as now exist along this stretch of the canal

be removed to other locations.

Personnel of Commission.—The members of the

Federal Plan Commission are Sir Herbert Holt, chairman ;

Sir Alexandre Lacoste, K.C., of Montreal; Frank Darling,

of Toronto; R. Home Smith, of Toronto; and the mayors
of the cities of Ottawa and Hull. This Commission was
created b}' an order-in-council on September 12, 1913, it

being provided that the government should pay half of

the cost of the pTan and that the other half should be paid

by the two cities ratably, according to population, the

municipal authorities having expressed their desire to co-

operate with the government in the work.

The Commission selected E. H. Bennett as consultant

on city planning and E. L. Cousins as consulting engineer.

Mr. Bennett is a town-planning expert, with headquarters

at Chicago, 111. He was formerly engaged with the firm

who were responsible for the excellent lay-out of Wash-
ington, D.C., and has done much notable work since

entering private practice.

Mr. Cousins has become well known as the chief

engineer of the Toronto Harbor Board, and also as con-

sulting engineer to the Rapid Transit Commission of

Toronto. Having also had experience as division engineer

of the Grand Trunk Railway, and as engineer of bridges,

railways and docks for the city of Toronto, Mr. Cousins

was able to give valuable assistance to the Commission in

solving the questions of street and steam railway traffic,

which were very prominent among the difficulties facing

the Commission.

Mr. Bennett and Wm. E. Parsons, of Mr. Bennett's

staff, were in charge of all architectural and town-planning

features. Paul H. Lazenby, engineer of Mr. Bennett's

staff, co-operated with Mr. Cousins in all matters per-

taining to transportation, statistics and other economic

features.

A. E. K. Bunnell was the engineer in charge of the

Ottawa office, under whose immediate direction all surveys

were carried out and data gathered, with the assistance

of H. W. Tate, surveys engineer, and H. S. Bedell, chief

draftsman. Mr. Bennett was assisted by H. T. Frost

and F. C. Walker in the general plan, and by Mr. Jules

Guerin in preparing the perspectives, and by -A. Stuart,

superintendent of the Ottawa Improvement Commission.

REINFORCED CONCRETE AS APPLIED
WATERWORKS CONSTRUCTION.

TO

\ fireless steam locomotive is used for switching cars

and tie trams at an Ohio creosoting plant. The locomo-

tive is of a type which was developed in Europe some
years ago and is used around distillation plants, where
cinders and live ashes would constitute a fire danger. This

locomotive operates bv steam, the boiler being charged

about seven times every 24 hours at the main boiler, at

150 lbs. pressure. The maintenance cost of this type of

switching engine is very low, and its use is said to be very

satisfactory in a treating plant yard. Its tractive power
is fully equal to that of the usual type, and although it

weighs only 22 tons it has pulled as manv as 12 loaded

gondola cars at a time. Perhaps there are construction

contracts on which a locomotive of this tvpe would be an

economv.

A PAPER read before the Concrete Institute (Eng-
land) by Chas. F. Marsh, M.Am.Soc.C.E., on this

subject explains how reinforced concrete is particu-
larly adapted to construction of works for the

conveyance and storage of water. In this connection,
also, the paper by W. W. Horner on "Reinforced Con-
crete in Sewer Design," which was published in The
Canadian Engineer for March 30th, will l>o of interest.

In his introductory remarks Mr. Marsh pointed out

that concrete used for structures which had to resist the

pressure of water should be richer in cement than that used
for the generality of structures. For reservoirs, tanks and
dams, where there was sufficient thickness, the concrete

should be mixed in the proportions of i : i j^'^ to 3, or 810
lbs. of cement to 13?^ cu. ft. of sand and 27 cu. ft. of

broken stone or shingle; this mixture was sufficiently

watertight for any but very considerable heads, but for

pipes and structures of small thickness, say, less than 3
ins., a mortar mixed in the proportions of 1 to ij/^, or

1,620 lbs. of cement to 27 cu. ft. of sand, should be used.

This mixture was, of course, no more resistant to water
pressure than a 1 : i

J'2 to 3 concrete, but in a thin struc-

ture there was a danger in the use of stone or shingle,

since two pieces might possibly come together, and any
failure in the proper consolidation of the concrete might
leave a plane of leakage through the concrete. The size

of the broken stone or shingle should not exceed such as

would pass through a ^-In. square-meshed sieve, and
might with advantage be j4-in. gauge. It was not ad-

visable to use a richer mixture, as rich mixtures shrunk
more when drying and expanded more when wet than

leaner mixtures, and consequently cracks were more likely

to be induced ; while it had been proved conclusively that

with proper care in mixing and placing a mixture in the

proportions of i to i J2 to 3 was practically impervious

under considerable heads.

For pipes under pressures exceeding about 40 ft.

special linings should be used, such as the sheet steel

tubing in a Bonna pipe, or other suitable layer of im-

pervious material.

For any structure which had to resist the percolation

of liquids it was advisable, in his opinion, to mix some
waterproofing compound with the concrete, or otherwise

to provide against leakage by the use of a soap and alum

wash, paraffin wax, or other suitable protective coating.

For increasing the imperviousness of concrete or

mortar, ordinary hydrated lime had been used very suc-

cessfully, and could be used in proportions up to 10 per

cent, of the weight of cement without injuriously affecting

the strength of the mixture.

The concrete should always be kept damp for some

time after moulding, depending on the richness of the

mixture. The period in the case of a 1:15^:3 mixture

should be about four weeks. -

In structures of considerable length, which might be

alternately wet and dry, and were exposed to the varia-

tions of temperature, it was advisable to provide against

cracking, which was almost certain to occur. Such

structure should have specially constructed contraction

joints, not more than 30 ft. apart, leakage being prevented

at the joints by the insertion of sheet lead or copper baffles

extending well into the concrete on each side of the joint,

and bent over at the extremities to form a good key.

In the construction of all structures to resist the

pressure of liquids, special care was necessary to provide
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adi'quaic rcinfurcciiicnl against slirinkage due to ihc

setting of the concrete, fall of temperature, and excessive

dryness.

Dams.—When reinforced concrete was employed for

the construction of dams, the latter were usually of a

hollow f<>rm of construction, having up-stream and down-
stream slabs supported on cross walls carried upon a

foundation slab.

From the foundation slab a core wall must be carried

down under the bottom of the up-stream slab, and ex-

tended well into a watertight stratum. The provision of

an adequate cut-off wall was most essential, as some of

the dams already constructed of this material had failed

owing to the neglect of this precaution.

The up-stream slab was generally constructed with a

flat slope not steeper than 1 to i, since the flatter the

slope the more uniform was the pressure on the base.

With a dam of this type, as the reservoir filled, the

line of resultant pressure on the base would at first become
farther up stream from the centre of pressure on the base
with the reservoir empty. When the reservoir had filled

for a certain proportion of its depth depending on the

slope of the up-stream slab, the line of resultant pressure

on the base moved back towards the centre until under the

limiting flood conditions it would generally be found to

be slightly on the down-stream side of the centre of

pressure on the base with the reservoir empty.

The resultant pressure would in no case move very

far from the centre of the base, and consequently the in-

tensitj' of pressure would never vary greatly between the

up-stream and down-stream extremities of the base.

In the case of a solid masonry dam the centre of

pressure on the base with the reservoir empty was usually

at the up-stream extremity of the middle third of the
width, and with reservoir under maximum flood was
usually at the down-stream limit of the middle third of

the width. The consequence of these limits was that with
reservoir empty there will be no pressure at the down-
stream toe and a maximum pressure at the up-stream
heel, while with reservoir full there would be no pressure
at the heel with a maximum pressure at the toe. As the
reservoir filled the pressure intensity would vary between
these extremes.

Elevated Tanks.—Mr. Marsh remarked that perhaps
one of the most economical uses of reinforced concrete
was in the construction of elevated tanks, of which there
are many examples in existence. A reinforced concrete
tank could be constructed at a cost of from 40 per cent.

to 50 percent, that of a tank formed of riveted steel plates,

and they would in general be less expensive than tanks of

pressed steel or cast-iron plates.

When designing circular reinforced concrete tanks it

was, in his opinion, advisable to limit the working re-

sistance of the steel to 12,000 lbs. per square inch, since,

although the tensile resistance of the concrete was
neglected, the elongation of the steel bars must induce
elongation in the concrete, and a higher stress in the steel

would in all probability cause the concrete to crack. It

vvas also, in his opinion, advisable to insert two series of
circular rings in the walls of the tank, one near each
surface, in place of one series at the centre of the thick-
ness. It must be remembered that whereas the interior ol

the tank was kept at a fairly constant state of moisture,
and temperature, the outside was exposed to the variations
in temperature and humidity, and consequently the two
surfaces were under very different conditions affecting the
expansion and contraction of the concrete.

Reservoirs Entirely or Partly in the Ground.—In
many cases it was not economical, in Mr. Marsh's opinion.

lo use reinforced concrete for the walls or lloor of reser-

voirs, but it was almost universally an economical material

for roof construction.

If a consideral)le portion of the depth was below
ground, the form of retaining wall construction, with a

bottom slab at the back tied to the front slab by ribs, was
not an economical form of construction, as the excavations

had to be considerably enlarged lo .accommodate the

bottom slab.

.\ well designed as a cantilever, supported from the

floor of the reservoir, would reduce the excavation, but

great care was necessary to provide ample support at the

bottom to prevent failure between the base of the wall and
the floor when the reservoir was empty.

If the reservoir was covered, and the covering could

be constructed before an excessive loading was brought
upon the walls, the roof beams and similar beams formed
in the floor could be constructed to support beams along
the top and bottom of the wall, which in their turn sup-

ported the ends of vertical beams between which the walls

of the reservoir could be constructed as slabs with hori-

zontal reinforcements.

The covering usually adopted for reservoirs was of

the beam and slab type, similar to ordinary floors, and
supported by columns, but small circular reservoirs might
be covered with a flat dome in a similar manner to that

frequently employed for elevated tanks.

Aqueducts and Pipes.—Op^n aqueducts built almost
entirely abo\e ground level and those for carrying water
over valleys might, w-ith economy, be constructed of rein-

forced concrete, but for those constructed mainly below
ground level this material would not be so economical, for

the same reasons as given in the case of reservoirs.

Pipes under small heads, say, up to about 40 ft.,

might be constructed of reinforced concrete without any
special impervious material being embedded in the

thickness.

PEAT POWDER AS LOCOMOTIVE FUEL.

Experiments in the use of peat powder on locomotives
of the State railways have demonstrated that as heavy
trains can be pulled and as good speed be made where this

fuel is employed as where anthracite is used, according to

a statement issued by the Swedish telegram bureau, which
has been received from the secretary of the American
Embassy at Stockholm. The statement declares that the
powder can technically, as well as economically, take the
place of anthracite as fuel for locomotives.

The railway directors have decided to undertake the
development of this class of fuel by two different methods
for purposes of comparison. Two experts have been re-

quested to give complete estimates of the cost of preparing
a certain bog for the manufacture of peat powder, together
with estimates of running expenses, by the respective
methods. The bog selected is said to be that at Hast-
hagen, about i ', miles from the station at \'islanda, with
an area of about 500 acres.

The T. L. Smith Company, of Milwaukee, Wis., have
just completed the two largest concrete mixers ever turned
out. Each of these mixers, which are of the tilting type, has
a capacity of loS cub. ft. of mixed concrete per batch. They
were built for the Harderway Contracting: Company, of Wash-
ington, D.C., and are to be used for the construction of an
immense concrete dam at Salisbury, North Carolina.
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METHODS ADOPTED
OF ROGERS

IN THE CONSTRUCTION
PASS TUNNEL.*

noons Mtfts tunnel
fftoriLK

or OL£> AMD NCW UNtS

By J. G. Sullivan, M.Can.Soc.C.E.

THE Rogers Pass Tunnel is in the Selkirk Moun-
tains of British Columbia. It is double tracked,

five miles long, and, as shovin on F"ig. i, lowers

tlie summit of the former line by 552 feet. It also

shortens the line by 4.3 miles, eliminates some 2,300 or

2,400 degrees of curvature and avoids the expense and

danger of maintaining and operating 4.5 miles of snow-

sheds.

In order that the plan adopted in the construction

of this tunnel may be properly understood and appre-

ciated, it is perhaps advisable to go somewhat into the

history of the case. During the period from 1910 to

1913, the traffic of the Canadian Pacific Railway Com-
pany was increased so rapidly that it was evident that

if the rate of increase continued, the road would have

to be double tracked. .\ very prominent consulting

engineer, who reported favorably on the proposal to con-

struct the tunnel, made a further suggestion that it

might be necessary to double-track the present line over

the mountain and gauntlet the heavy bridges in order

to handle the traffic during the period of con-

struction. It can be readily understood, there-

fore, that the length of tirne required to com-
plete the work became a matter of anxiety to

the company. The author was aware that

tunnels in Europe had been driven at a rate two

or three times as fast as any long tunnel had

been driven on this continent, and he had, in

a superficial way-, an idea of the methods
employed.

The company sent out letters to the contrac-

tors who were bidding on the work, in which

thev were given to understand that the com-
pany who could guarantee to drive the tunnel

in the shortest time would be awarded the con-

tract. The contractors were also consulted as

to penalty and bonus clauses. The company
stated that they were of the opinion that $750
per day would be a fair sum.

Methods were studied in order to find out

which would be most expeditious in carrying

out the work. A combination of ideas resulted

in a recommendation for a small working
pioneer tunnel, 8 ft. by 8 ft., underneath the

main tunnel.

A pioneer tunnel was driven entirely outside

the regular section of the tunnel, and a centre

heading was driven along the centre of the main

tunnel. The functions of the pioneer tunnel

were to provide a means of transporting the

material from the heading to a point back of

where the enlargement of the tunnel was being-

made, and to provide for the carrying of high-

pressure air pipes, water pipes, ventilating

suction pipes, etc. In other words, to provide

a means whereby the "shooting" at any one

point in the tunnel would not interfere with

operations at other points. The idea of

i'arrying the drills on a horizontal shaft held in

place by heavy jacks was to enable these shafts

MOUNTAIN SU&DtVISlON MlLtAQt

Fig. 1.

and drills to be carried on narrow-gauge tracks so that

they could be moved backward and forward as required.

It was supposed that heavy drills, such as have been used

in the past, would be necessary, but it was found that the

Leyner drills actually used were so light that they could

be handled by one man. The result has been that all

drilling in the enlargement has been done from vertical

shafts as shown in Fig. 3.

*Abstract from a paper read before a Sectional

Meetingr of the Canadian Society of Civil Engi-
neers, January 13th, IQ16.

C . P . R
Sketch Plan

shewing proposed method of driving

ROGERS PASS TUNNEL

Winnipee. March 15'^ 1913.

lONtER

TUNNEL

Fig. 2.
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Tlie pioneer tunnel at ihe east end was located 50
feet to the north of the centre line ol the main tunnel

and the pioneer tunnel at the west end 50 feet to the

south of the centre line of the main tunnel. The mode
of operation was as follows: drilling in the small head-

ings was done in the usual manner, using in general

Leyner drills, making an advance of 6 or 7 foot for each

round of holes. The muck was shovelled by hand from

steel plates into "half-yard" cars and hauled back, cither

by a mule or small compressed air locomotive. The latter

was used entirely when the haul had reached a consider-

able distance. The muck from the headings was carried

out through the cross-cuts into the pioneer tunnel, where

ROGtW WSS TUHNtL

Huf «niw or iii«iM TWNti.

I ctNtig Htumi SHOwwt covim

t Mjiu grnMi roc mt wmm6

c(wrucn»s

p.. (Xsi^^.~-

Fig. 3.

it was carried back to another cross-cut, and thence out

on a trestle over the standard-gauge tracks through the

main tunnel, and dumped into standard-gauge cars.

The material was then removed to the fills, as was also

the muck, loaded by steam shovels in the enlargement.
The muck from the heading on the west end was in a

similar manner conveyed into the pioneer tunnel at a

cross-cut and back to the main tunnel in another cross-

cut, where it was dumped into standard-gauge cars.

In the enlargement of the main tunnel the drilling was
done well ahead of the shooting. Fig. 3 shows the

manner in which tile drilling was carried out. The radial

holes were at first drilled at right angles to the axis ol

the tunnel, but the results were not satisfactory, and a

change was made. The muck was all loaded by steam
shovels into standard-gauge 12-yard capacity dump cars.

The shovels had dippers of one and one-half cubic yards

capacity and were worked by compressed air. The cars

were hauled to the mouth of the tunnel by standard-gauge

compressed air locomotives and taken from there to the

dumps by standard steam locomotives.

The contract for this work was let on July ist, 1913.

The limit of time for completion was three and a half

years, which would end on January ist, 1917. There was
an allowance in extension of time of one day for every

ten feet of soft ground encountered, which would require

immediate timbering. ."Xs there was some 1,660 feet

of such ground, the time limit of the contract was ex-

tended into Jimc, 191 7.

The work completed up to December 19th, 1915, was
as follows: 19,610 feet of pioneer tunnel; 24,612 feet of

centre heading; 1,660 feet of earth tunnel, and 14,342 feet

of tunnel enlargement in rock, kt the same date there

remained to be driven : 288 feet of centre heading; 10,398
feet of tunnel enlargement.

The best progress made in driving the pioneer

tunnel heading was in the month of January, 1915, when
932 feet in the west heading were completed. The best

record for a week in the enlargement was 267 feet, and
for a month 827 feet. The latter distance was accom-
plished during the month of .\ugust, 1915, in the

west end.

From .April 1st, 1915, to December 19th, 1915, 12,-

346 feet of tunnel enlargement was made. This was
during the time that the shovels were both working in

rock and at a normal rate of speed. Such a rate would
require only a little over seven months in which to com-
plete the tunnel. There will, however, be some slowing
up in the enlargement between the cross-cuts, which are
at the ends of the pioneer tunnels, for the reason that,

at present, fans are installed at mouths of pioneer tun-

nels. Doors were placed in the cross-cuts between the

pioneer and the centre heading, and those which were at

the back of the shovel were kept closed. When shooting
occurred in the enlargement, the door at the first cross-

cut beyond the point of shooting was opened and a
strong draught was thus created over the pile of freshly-

shot muck, making it possible for the men to return to
work in ten or fifteen minutes after a shot had been fired.

The methods employed in shooting in the enlargement
were as follows : One round of holes was shot at a time,

the holes in the bottom of the tunnel being shot in ad-

vance of the holes on the sides or on top. In some cases
the top holes were not shot until all the bottom holes

were finished. Usually six or seven rounds of holes were
shot before the steam shovel began to t;ike up the muck,
thus making an advance of from 30 to 35 feet. The
shooting was usually continued until the tunnel became
so full of muck that no more shooting could be done.

The largest amount shot at one time was 84 feet in

eleven hours, which was the record for 20th November,
1915-

All expectations as to speed in the execution of the

work have been more than realized. For rock tunnelling,

where the rock is of suflficient hardness to stand until

the mucking has been completed, the method described

can be most successfully worked, and a speed of three

miles a year can be easily made at a much less cost than

tunnels driven at the same speed by the European
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method. Furthermore, the practice of radial shooting

has given a great deal less overbreak than would have
resulted had the holes been drilled parallel to the axis

of the tunnel.

The work was laid out and commenced under Mr.

F. E. Busteed, M.Can.Soc.C.E., engineer in charge of

double tracking, with Mr. J. W. Sheppard as assistant

engineer. It has recently been under the supervision

of Mr. W. A. James, M.Can.Soc.C.E., engineer of con-
struction western lines, with Mr. H. G. Barber as

assistant engineer; Mr. T. Martin, resident engineer
at the west end, and Mr. J. R. C. Macredie, ^l.Can.

Soc.C.E., resident engineer at the east end. The con-

tractors are Messrs. Foley Bros., Welch & Stewart.

The construction work has been supervised for the con-

tractors by Mr. A. C. Dennis, M.Can.Soc.C.E.

PRESENT STATE OF EUROPEAN TIMBER-
TREATING PLANTS.

The effect of the war on the European timber-treating

plants in general has not been very great, according to

Dr. F Moll, writing in "Wood Preserving," as most of

these plants are situated some distance from the battle-

fields.

As may be easily conceived, all the Belgian plants

have been taken over by the Germans. There are about

six plants which are owned partly by private and partly

by government interests. In times of peace the govern-

ment plants were managed by private concerns, and this

system has been followed by the German authorities. The
Belgian plants are fit for good work, and they are in

operation to-day.

In Polonia, scarcely any timber-treating plants are

to be found, so we may overlook this country.

In France, the only plants of importance are those

that are permanently located, such as the Boucherie, which

are mostly small and old. One of the largest creosoting

plants in northeastern France is that of Amagne, which
has been captured by the Germans. The 150,000 ties

found in this plant have been used by German troops for

repair and other work, and the plant is not now in

operation.

Serbia has one small plant at Chichewash, near

Nisch. Dr. Moll visited this plant, and it is now being

used as a magazine for the German troops. This plant

has two cylinders, 6.5 feet in diameter and 33 feet long,

and was constructed by a Hungarian concern known as

the Nicholson Actien-Gesellschaft. The process employed
is the full-cell with creosote and zinc chloride. The ties

found in this plant have all been used for railway track and
bridge repairs, and the supply of creosote has been utilized

partly for fuel by the German troops.

The following is a list of Canadian patents recently

issued through the agency of Ridout & Maybee, 59 Yonge
Street, Toronto, from whom further particulars may be
obtained : Edwin J. Banfield, plug finishing machine

;

Toronto Type Foundry Co., Limited, folding plates for

folding machines ; Gibson Groves, fire alarm system

;

George Henderson, electro-magnetic signalling apparatus;
Fred Rawlings, road planer and surfacer ; Gutta Percha
and Rubber, Limited, process of moulding and vulcanizing
tires; Gutta Percha and Rubber, Limited, tire moulding
machine; Samuel Glover and John W^est, gas producer;
Charles O. Bastian, electric incandescent bodies for glow
lamps ; Edward B. Killen, pneumatic shock absorbing
devices.
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New Glasgow, N.S.—-A new telephone company is

proposed, to be owned, operated and controlled by the
citizens of New Glasgow, W'estviUe, Stellarton and
Trenton.

Brantford. Ont.—E. R. Cross, who has been identi-

fied with work in the Alberta oil fields, claims that he has
found indications of gas and oil within five miles of

Princeton, Ont.

. St. John, N.B.—The city has signed an agreement
with llie Street Raihvay Company whereby they will do
the concreting w-ork of the company at the rate of $5,000
per mile per track.

Hamilton, Ont.—The plant of the Hamilton By-
products Coke Ovens, Limited, will cover an area of 40
acres. The big plant will have a capacity of 10,000,000
cubic feet of gas per day.

Sarnia, Ont.—The cofferdam built around the steamer
"Western Star," which foundered last fall, has collapsed.

The loss will be in the neighborhood of $32,000. Work
will be suspended for the present.

Toronto, Ont.—The cableway over the Whirlpool
Rapids at Niagara Falls has been completed at a cost of

S6o,ooo. The scheme is financed by Spanish capitalists

and has been described before in this paper.

Montreal, P.Q.—.Arrangements have been made be-

tween Ville St. Laurent and the city of CartierviUe,

whereby the inhabitants of the^former will be supplied

with filtered water from the aqueduct of the latter.

Fort William, Ont.—The city council has been ap-

proached by the Canada Car and Foundry Company, who
located here on payment of a big bonus, with the request

that permission be given to dismantle the plant and move
it to Vladivostok, Russia.

Toronto, Ont.—A syndicate, said to be backed by the

Metropolitan Life Insurance Company, has purchased the

entire block of land southwest of the corner of College

and Yonge Streets. They propose to establish a new
shopping and amusement centre.

Sarnia, Ont.—The electric light plant of the village of

Alvinston is to be taken over by the Hydro Commission,
according to what can be learned in this city. The
engineers from Toronto will inspect the plant and at the

same time place a valuation on it.

Lethbridge, Alta.—Drilling operations for oil will be

commenced by a British syndicate who until recently have

been interested in Galician oil fields. Twelve wells will be

drilled and if satisfactory results are achieved the syndi-

cate will erect refineries near here.

Victoria, B.C.—The Minister of Railways has pre-

sented figures with regard to the completion of the Pacific

and Great Eastern Railway. The cost from Second
Narrows, Vancouver, to Prince George is in the neigh-

borhood of eleven and a half millions.

Montreal, P.Q.—The Trail (B.C.) smelter, in which
the Canadian Pacific Railway has a large interest, has

started construction of a plant for the manufacture of

sulphuric and hydrofluoric acid, which is expected to be

ready for operation in two months.

Winnipeg, Man.— .A. circular has been received at the

local offices annoimcing the opening for operation of the
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C:inadi:ui Northern Railway branch line from Camrosc to

Alliance, Aha., a distance of 59 miles. This line runs in

a southeasterly direction from Camrose.

Toronto. Ont.—The board of control will spend

$31,000 on the number Boulevard scheme this year. They

agreed to spend "$^5,000 annually for five years and spent

only $6,000 last year. The arrangement to reduce the

amount has been made with R. Home Smith.

Winnipeg, Man.—At a meeting of the Greater Win-

nipeg District Water Board the opinion prevailed that the

cost of the big work would be less than the estimated sum

of $13,500,000. The railway and equipment, which cost

Si. 533.9!^, is now a going concern and is at least paying

expenses.

Windsor, Ont.—The Chalmers Motor Company, of

Detroit, which recently obtained a Canadian charter, with

a capitalization of $1,000,000, is to establish its Canadian

branch plant at Ford City. A deal has been closed for

the purchase of the plant of the Tate Electric Company
for that purpose.

Winnipeg, Man.— with two months yet to run, the

hydro-elf^iric system of the city of Winnipeg has a surplus

of $65,574 to its credit on its year's working. The total

revenue for the month of February was $97,327.77 and

the operating expenses $71,728.51, leaving a profit for

the month of nearly $20,000.

Ottawa, Ont.—According to Sir Rodolphe Forget, the

government is going to take over the Quebec &• Saguenay
Railway. Part of the company's terminals in Quebec
have been already taken over and the Quebec & Saguenay
will be used as an extension of the Transcontinental to

make Murray Bay a winter port.

Vancouver, B.C.—General Manager M. H. McLeod,
of the Canadian Northern Raihvay, announced that on

June 1st a daily service would be operated over the com-
pany's line in British Columbia. During March more than

1,000 cars of lumber were moved east over the line to

prairie cities and this traflic is now growing rapidly.

Sarnia, Ont.—The Mueller Manufacturing Company
has just t'ompleted and put in operation a melting plant

to remelt brass chips. The chips or trimmings are placed

in a large melting-pot and fired with coke. As brass has

in(-reased in cost about 180 per cent, since the war com-
menced, this melting of chips will mean a big saving.

Lethbridge, Alta.—A memorial has been sent to

Premier Sifton asking that steps be taken to ensure that

Macleod and other towns along the Old Man River w^est

of Lethbridge will instal sewage purification plants in

order that there may be no recurrence of typhoid outbreak

in Lethbridge such as the citizens are now suffering.

Port Moody, B.C.—A number of men with equipment

have arrived to start work on the water system installa-

tion. They are the employees of the Canadian Pipe Com-
pany, Vancouver, who have a sub-contract under the con-

tractors, the Robertson, Godson Company. The contract

is for $40,000 and the water will be brought to the city

from Scott and Noon creeks.

Victoria, B.C.—Progress on the breakwater has been

very satisfactory. There has been placed to date a total

of 108,900 tons of granite blocks, while 23,900 cubic yards

of <:oncrete, forming the superstructure, has been poured.

During the month of March 22,300 tons of rubble was
dumped

; 7,700 tons of granite blocks were set in place,

and 1,700 cubic yards of concrete poured, making five

blocks.

Hamilton, Ont.—.'\n increase of over two million

gallons of water a day is shown in the report of Engineer

Bain of the Beach waterworks, for March. This is attri-

buted to the plants working night and day on munitions.

Last March the water used amounted to 278,426,455,

whereas this March the total was 343,795,000, an increase

for the month of 65,368,545, or a daily increase of

2,108,663.

Winnipeg, Man.— I. K. Ikrchmer, district inspector

of forest reserves, has returned to the city from a trip

lasting three weeks in the locality tributary to Port Nelson

and The Pas. In commenting upon the progress Ijeing

made on the Hudson Bay Railway, he stated that the final

piece of steel was placed in position on the Manitou

bridge, over the Nelson River, thus making possil)le train

service beyond that point.

New Westminster, B.C.—The Canadian Northern

Railway Company is preparing to build two car ferries at

Port Mann for use in transporting cars between their tem-

porary mainland terminus and \"ancouver Island. The
material has been ordered, and construction work will be

commenced immediatelv. .At the same time a slip will be

constructed at Port Mann for loading cars on these barges.

Other activities at Port Mann include the construction of

two new turntables, the installation of machinery in a

machine shop, and the erection of a i,coo-ton ice house.

Ice will be brought from Yellowhead Lake to fill this ice

house, and the ice used in refrigerator cars.

Vancouver, B.C.

—

A new traffic arrangement has just

been completed Ijy the B.C. Electric Railway Company
w-hich w-ill mean that another transcontinental system, the

Chicago, Milwaukee & St. Paul line, will be available for

lumber manufacturers and other shippers in the neighbor-

hood of Vancouver and New Westminster. Through its

connection with the Bellingham Bay & Northern Railway,
the Milwaukee line now reaches the international boundary
at Sumas. Some time ago a track was built circling that

town and connecting the CM. &St.P. with the B.C. Elec-

tric. The connection has been of no value, as permis-
sion to handle cars over the Westminster Bridge was not
received until just recently.

NEW INCORPORATIONS.

Edmonton, Alta.—The Alliance Power Company. Limit-
ed, -$250,000.

Covan, Sask.—The Govan Motor and Machine Company,
Limited, .$20,000.

Corinne, Sask—The Farmers' Oil and Supply Com-
pany, Limited, .$6,000.

Calgary, Alta.—Canadian Western Zinc Smelting Com-
pany, Limited, $1,000,000.

Cranbrook, B.C.—The Wild Horse Creek Placer Gold
Mining Company, Limited, $100,000.

Cobalt, Ont.—National Mines, Limited, $2,000,000. J.

A. Rowland, D. H. Stewart, N. D. Tytler.

Toronto, Ont.—Universal Oil Company, Limited, $40,-

000. L. Sinclair, W. J. Hohlstein, C. Plumb.
Qubec, Que.—Laurentide Sand and Gravel Company,

Limited, .$4<j.o<jo. S. N. Parent, .A. Lepire, P. A. Galarneau.

Toronto, Ont The Crowley Manufacturing Company,
Limited, $100,000. T. W. Pinnell, .\. W. Gilmour, F. P.

O'Hearn; Bournonville Rotary Valve Motor Company, Limit-

ed, $500,000. W. Gilchrist, j. Stewart, H. J. Stuart.

The Jeffrey Manufacturing Company has recently

organized a contractors' plant department to handle the sale

of a line of small rock and ore crushers. Mr. Lcroy A.

Kling, formerly sales manager of the ro.id machinery and

limestone crusher department of the Wheeling Mold and

Foundry Company, Wheeling, W. Va., will be in charge of

this new dcpaTtment.
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INTERCHANGE OF IDEAS AMONG ENGINEERS.

The engineerinn; profession, like many other profes-

sions, has among its members those who, either from

indifference or lack of interest in research work on their

own account, unconsciously, perhaps, but none the less

surely, continually follow the other man's lead. In

most instances he is the man who, always willing to

profit from the other man's endeavor, is little disposed to

make any contributions by oral or written discussion on
subjects of common interest to the engineering profession.

Like the proverbial sponge, he takes in all he can ; but he

is not big enough to give anything in return.

Such an engineer has never thought very deeply as to

how the literature of his chosen profession originates.

Perhaps there is no man able more adequately to under-

stand this disposition on the part of certain members of

the profession, than the editor of a technical paper, one
of whose functions it is to draw out engineering discussion

along certain specific lines. There are many members
of the profession who are reluctant to pass along infor-

mation of any kind. Every engineer has, or should have,
something in the way of information that is of interest to

other engineers. No one knows it all, although manv
of us know a little.

If engineering literature is to fulfil its highest func-

tion, then there must be disposition on the part of those

who have experience, to impart a little of their own
private fund of information for the benefit of others.

There should be no exception to the "give-and-take"
policy as applied to the engineering profession. The
technically trained man who fails to see it in that light

will not get the most out of life.

In this- connection we would refer to the article by
W. W. Pearse on "Stresses in Lattice Bars of Channel
Columns," which appeared some weeks ago in these

columns, and to a more recent series of articles by E. H.
Darling, M.E., on "Impact Formulas for Highway Bridge

Design." Both of these articles were the result of much
study by their respective authors, and were real con-

tributions to engineering literature, with the expressed

wish that they should be of use to the particular branch of

engineering to which they referred. Criticism was invited.

It came freely, and evidence goes to show that the pre-

cipitation of the subjects by Messrs. Pearse and Darling

led to a discussion that was worth while, and of value to

not only the participants but to a great many others.

One man may spend a great deal of time on a specific

problem and believe he has reached a satisfactory solution.

Another engineer comes along and will be able, as a result

of wider observation or broader experience, to see a

phase of the question which probably had not been taken

into account by the original investigator. This is all

helpful and desirable.

There must be a great deal of valuable information

stored away by engineers ; information that is being made
of no value whatever, either to its owner or anybody else.

In many cases there is no very good reason why it could

not be let loose without the owner being in any sense of

the word a loser.

Engineering societies have rendered very useful

service indeed in this direction, and it is to be hoped that

during till- next few years, when new problems are

bound to arise, growing out of the war, there will be a
gradually increasing tendency on the part of engineers
to be more willing to interchange ideas, and thus contri-

bute, in a real way, to the betterment of the profession.

SOME STATE SECRETS.

Technical papers are public servants, just as are
railroads, power companies and many other enterprises.

.\nd, like all other public servants, it pays to take the
public into their confidence as largely as possible. We
therefore feel that our readers should have some idea of
how the war has increased the diflficulty of publishing a
really good technical paper in Canada, so that they can
better appreciate whatever slight success we may have
had along those lines.

Sheet copper, from which all halftone engravings are
made for illustrating the paper, has jumped from 22 cents
to 68 cents a pound. Zinc, from which all line cuts are
made, is now 48 cents a pound ; formerly, 1 1 cents.
Potassium bromide was 45 cents a pound before the war

;

it is now $7.85 a pound. Yet it is an essential in pro-
ducing an illustrated paper. Iodine, dragon's blood,
hydrochinone, and all other necessary chemicals, have
also very greatly increased in cost.

Our white paper costs 57 per cent, more than it did
before the war

; our red cover paper costs slightly less than
five times the former price, is purchasable only in small
quantities, and may soon be impossible to secure at any
price on account of the dye situation.

However, we're glad we're alive. But when you get
your bill for $3 for a year's subscription, just bear these
facts in mind, for you are getting a bigger $3 worth than
ever before, considering cost of publication.

WATER DISINFECTION.

Standards of water purification have risen consider-
ably the past few years. Physicians recognize that water
cannot be too pure. Public health demands more than a
palatable potion. It requires a water really free from
pathogenic organisms.

H,0, absolutely pure water, is seldom found in nature.
Nearly all surface supplies are polluted to a greater or less
extent. The filtration of nearly all drinking water is to-
day a necessity. That is universally acknowledged by
most engineers and public health officers.

But even filtration does not yield entirely sterilized

water. Modern filter plants operate at a very high ef-

ficiency, removing even so much as 99 per cent, of the
germs that are in the raw water. Yet, how to get after

that stray i per cent, is the problem that has bothered the
waterworks men.

There are four known ways of accomplishing this,

vis. : Distillation, disinfection by heat, chlorination and
sterilization by ultra-violet rays.

To heat or to distil a public water supply is, of course,

impossible from a practical standpoint. Most Canadian
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cities are chlorinating their supply. This is effective, but

frequently unpleasant to the public, unless administered

with great skill and through scientifically arranged

machinery, as the taste of chlorine is sometimes very

noticeable. Also, chemists and physicians differ in their

opinion regarding chlorine's etTcct upon the body.

rhe one practical method of sterilization without

annoyance to consumers is the ultra-violet-ray process.

This is comparatively new, having been readily obtainable

only during the past couple of years. Moreover, it is

costly, compared with chlorination. When the general

publiV becomes fully aware of the fact that ultra-violet

rays passed through water will sterilize it as efliciently as

does chlorine, it is quite probable that sentiment in

favor of the drugless method will prevail over the dif-

ference in cost.

The ultra-violet ray method is now in use in several

hundred hotels, stores, private houses, bottling plants,

etc., and is also gradually becoming popular with munici-

palities. The largest municipal supply now being so

treated is about two million gallons daily, but a plant is

at present under construction which will handle five million

U.S. gallons daily. Fifteen lamps are required for this

amount. To handle a still larger supply is merely a matter

of more lamps, more current, more space and more at-

tendants—in short, more money.

TRADE INQUIRIES.

PERSONAL

|. .\., CODERRE, federal forestry engineer, recently

addressed the Montreal Chambre de Commerce. Mr.

Coderre described the forestry laboratory of the Federal

Government, which is situated in a building given by

McGill University.

Temporary Brig.-Gen. A. C. JOLY DE LOTBIN-
lERE has been gazetted chief engineer, attached to head-

quarters units, according to a London cable. He gradu-

ated at the Royal Military College, Kingston, in 1883.

J. QUAIL, formerly sales engineer of the Manitoba

Bridge and Iron Works, has accepted a position with the

Canadian Bridge Co., of Walkerville, Ont., as manager
of their western office, located in the Garry Building,

Winnipeg.

CANADIAN SOCIETY OF CIVIL ENGINEERS,
MANITOBA BRANCH.

The regular meeting of the Manitoba Branch of the

Canadian Society of Civil Engineers was held on April 6th,

when Mr. M. C. Hendry provided a set of lantern slides

of the Partama Pacific Exposition. Mr. Victor Guilbault

contributed a discussion on the slides illustrating the

lecture, while Mr. W. G. Chace explained those that par-

ticularly applied to water power developments throughout
Canada.

A move to encourage the zinc industry in Canada has
been made by the Minister of Finance who in a resolution
before the House proposes to pay a revenue of 2 cents per
pound on zinc or spelter containing not more than 2 per cent,

of impurities which has been produced in Canada from zinc

ores mined in Canada. The above bounty to apply when the

price of zinc or spelter in London, England, at the time of

production is less than a stated sum, when the bounty shall

be equal to the difference between this price and the prevail-

ing London price. No bounty will be payable when the pro-
ducer receives 8 cents or more per pound. The new bounty,
if approved by the House, will not come into effect until after

the war, and will only last until July 31st, 1017.

The following inquiries relating to Canadian trade have

been received by the Department of Trade and Commerce,
Ottawa. The names of the firms making these inquiries,

with their addresses, can be obtained only by those especi-

ally interested in the respective commodities upon application

to: The Inquiries Branch, the Oip.irtment of Trade and
Commerce, Ottawa, or the Secretary of the Canadian Manu-
facturers' Association, Toronto, or the Secretary of the Board
of Trade at London, Toronto, Hamilton, Kingston, Brandon,
Halifax, Montreal, St. John, Sherbrooke, Vancouver, Victoria,

Winnipeg. Edmonton, Calgary, Saskatoon, Chambre de Com-
merce de Montreal and Moncton, N.B. Please quote the

reference number when requesting addresses :

—

284. Presspahn for electrical insulation—A Manchester
importing firm wishes to be placed in touch with Canadian
manufacturers of presspahn in the following sizes: Sheets

about 23 Ji inches by 31K inches or larger, in thicknesses

from 0.2 m/m up to 4.0 m/m. Quotations are requested per

ton of assorted thicknesses. Sample may be inspected at the

Department of Trade and Commerce. (Refer File A-76<3.)

313. Sand, white and silver.

—

A firm in Glasgow which
formerly imported silver sand from Belgium, is anxious to

know if suitable deposits are found in Canada. If so, would
be glad to receive quotations and particulars.

315. Calcium cyanamide.—A large manufacturing firm

in Newfoundland asks for names of Canadian manufacturers

of calcium cyanamide.

319. Calcium chloride.

—

A London firm is desirous of

getting into communication with Canadian producers of

calcium chloride.

320. .Asbestos cement sheets..

—

A London firm of engi-

neers are in the market for 250,000 square yards of asbestos

cement sheets, 3-16-inch thick, and invites quotations from

Canadian manufacturers.

323. Belting agency.

—

A firm in Glasgow which former-

ly represented large German importing houses wishes to

obtain the agency of Canadian manufacturers of rubber,

leather and canvas belting. Best references.

324. Brass steam fittings.—.A Glasgow firm wishes to

obtain the representation of a Canadian house for the above.

Satisfactory references.

325. Steel billets and wire rods.

—

A Coatbridge firm asks
for Canadian sources of supply.

326. Rolled steel joists ; bars of all sections, rivets and
.bolts.

—

A Glasgow house will be glad to receive catalogues
and quotations c.i.f. Glasgow quay.

327. Steel joists.—A large Glasgow firm would be pleased
to receive quotations for say 150 tons steel joists to the fol-

lowing sections, or nearest procurable sizes: g-inch by 4-inch

by 21 pounds, 8-inch by 4-inch by 18 pounds, 7-inch by 4-inch

by 16 pounds, 6-inch by 3-inch by 12 pounds, 5-inch by 3-inch

by 1 1 pounds ; all in 40-foot lengths.

32S. Galvanized fencing wire.

—

A Glasgow firm desires

to know if galvanized fencing wire can be obtained from Can-
ada. Supplies formerly procured from Belgium.

32Q. Iron or steel bars.—A Glasgow firm is open to pur-
chase iron or steel bars, notably bulb tee bars iji by 1%
equal 2% pounds per foot, and varillas -M-inch by J^-inch by

^
ft.

331. Wood screws.—.A firm of wholesale hardware mer-
chant? at Manchester wishes to be placed in touch with Can-
adian manufacturers of wood screws from '2 -inch to 3 inches.

340. Nails.

—

A New York firm of exporters desires to be
placed in touch with Canadian manufacturers of wire nails,

wrought nails, and galvanized wrought nails, to be used for

boat building purposes.

345. Carbide.—A South African firm at present import-

ing large quantities of Norwegian carbide are desirous of

obtaining c.i.f. quotations on the Canadian product.

338. Machinery.—The director of a railway in India who
has made arrangements for the building of a new^ plant

wishes to be put in touch with Canadian manufacturers of

saw-mill and veneering machinery.

The Road Board of Great Britain recently advised county
authorities of its intention to loan -f 1,000.000 during the
fiscnl year igi6-i7 to aid in improving road surfaces.
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MILWAUKEE ACTIVATED SLUDGE INVESTIGATIONS
A RESUME OF RESULTS OF EXPERIMENTS CARRIED OX DURIXG
THE YEAR 1915 BY THE MILWAUKEE SEWERAGE COMMISSIOX.

By R. O. WYNNE'ROBERTS, M.Can.Soc.C.E.

THE second annual rep>ort of the Milwaukee Sewerage
Commission (see The Canadian Engineer, October
j8, 191 5) has just been published. It is a volume
of over 200 pages and has many drawings, dia-

grams, photos and tables which afford the reader

abundant matter to ponder over.

The activated sludge process has been investigated in

various scales of magnitude ranging from the laboratory

The activated sludge process is capable, under
scientific control, of producing such wonderful results,

that the public is apt to enthuse and raise too high ex-
pectations to be realized in practice. Hence the fortunate
fact that the process is receiving careful and scientific

investigations in its early stages before errors are made
on any serious scale. On the other hand, the Milwaukee
Sewerage Commission is to be congratulated on its enter-

Fig. I.—Panoramic View of Tanks.

to a large working installation, and also by the intermit-

tent and continuous methods of charging. The writer well

remembers visiting Exeter and Yeovil (England) in 1897
to study the septic tanks and filters, and has watched the

\icissitudes of that system up to the present with interest,

because great and excellent results were anticipated by

enthusiasts who had not fully considered the problem.

The septic tank is capable of doing good work when care-

fully managed, and the biological filters have proved
satisfactory when operated properly. The septic tank was
boomed and the predictions were great, but its originators

were not entirely to blame for the undue boosting it re-

ceived. The public was then seeking a solution of the

sewage problem as it is doing to-day, although in the

meantime much progress has been made.

prise in undertaking such investigations in a compre-
hensive manner.

A resume of the experiments tried out during the year

was as follows : Fine and coarse screening
;
grit chambers ;

sedimentation and sludge digestion in Imhoff tank

;

colloidal treatment by slate tanks ; chemical precipitation

using lime and iron ; electrolytic treatment by Lautzen-

heiser process ;
percolating filters and final sedimentation

;

sterilization by liquid chlorine ; activated sludge process

by fill and draw method ; activated sludge process by con-

tinuous flow method ; dehydrating sludge by pressing,

gravity and by draining on beds.

In the present review experiments other than those

on the activated sludge process will not be discussed.

These experiments were started on March isf, 191 5, by
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means ot Iwo 1 '4-inch glass tubes o 11. long, and next in

a tank 32 ft. o in. x 10 ft. 6 in. and 9 ft. average depth,
on the fill and draw method which was put into operation
on March 2(ith, UI15. The continuous flow tank was put

into commission on Jime 2Slh, and had the capacity of

22,(100 L'.S. gallons |iS,S30 Imperial gallons).

The foregoing experiments produced such promising
results that the commission decided to install a plant

capable of treating two million (U.S.) gallons per day,

with the \ iew (o ascertaining the results under normal
working conditions. This plant consists of eleven rein-

forced circular concrete tanks 30 ft. internal diameter by

13 ft. deep, eight of which are used as aerating tanks,

one as a final sedimentation tank and two as sludge

aerating tanks. The layout is shown in Figs, i and 2.

The total capacity of the eight aerating tanks is 360,000
U.S. gallons, two sludge tanks <SS,200 U.S. gall<ins,

\

Fig. 2.—Plan of Tanks.

and the sedimentation tank 33,000 U.S. gallons. The
daily working capacity of the plant with 25 per cent, acti-

vated sludge in the aerating tanks and four-hour ta.ik

passage is 1,620,000 U.S. gallons, and by reducing the

tank passage period to three hours the working capacity

is increased to 2,160,000 U.S. gallons.

Each of the aerating and sludge tanks is divided by a

baffle wall which makes a spiral running through chamber
about 6 ft. wide and 114 ft. long. Each chamber has a

sloping bottom in the apex of which 12-in. x 12-in. filtros

plates are set in castings built in units containing from
five to seven plates. These castings have an air duct cast

in them which discharges the air through a brass orifice

to the under side of the plate. This orifice is designed to

pass 2 cu. ft. of air per minute under 5 pounds pressure
per square inch. This capacity being based upon our ex-

periments showing maximum air required to be .25 cu. ft.

per minute per square foot of tank surface.

The baffle walls separating the running through
chambers of the eight aerating tanks are 2 ins. thick, built

of Hyrib plastered with cement mortar. Those? in the two

sludge tanks are 6 ins. thick, built of ihc same material.

The extra thickness is here necessary because each of the
sludge tanks is divided into two distinct compartments
pennilling one compartment to be emptied while the other
is being filled and aerated.

Hie sedimcnt;ition tank is Iniill with a hopper bottom
terminating in a 4-ft. diameter cast iron pipe 24 ft. below
bottom of tank, from near the bottom of which a 12-in.

pipe extends to the top of the tank. Inside of this 12-in.

pipe is a i-in. pipe for delivering air to the sludge by which
it is lifted from the bottom of the 4-ft. pipe and delivered

to the sludge tanks, or to the sludge presses.

The compressed air for the two-millioivgallon plant is

furnished by means of a Connorsville blower having a

capacity of 2,400 cu. ft. of free air per minute to five

pounds per square inch pressure. This is operated by a

75 h.p., a.c, variable speed motor. The air, after passing
llirough an Excelsior filter, is measured by General Electric

Company air meters.

The sewage is taken from an intercepting sewer which
discharges about 12,000,000 gallons of sewage per day

and some of this originates seven miles

above the outlet and is quite septic on reach-

ing the works. ^
As this plant was not completed until the

end of 1915, not much information is avail-

able as to the results obtained.

^^Mthout in any way minimizing the ex-

cellent work done at Milwaukee, and before

discussing some of the results obtained

there it will be instructive to refer to a few
of the engineering considerations, which re-

quire to be further and more fully developed.

These are referred to in the report and go
to prove that to obtain the maximum ef-

ficiency at the least cost it involves many
studies and experiments.

".Activated sludge accomplishes four

principal functions : The clarification of the

liquor, removal of the putrescible organic

matter, reduction of bacteria, and finally, if

the process be continued a sufficient period,

oxidizes the ammoniacal compounds into

nitrates."

William R. Copeland, the chief chemist,

defines the process as follows :

—

"The sludge embodied in sewage, and

consisting of suspended organic solids, in-

cluding those of a colloidal nature, when agitated with air

for a sufficient period, assumes a flocculent appearance

very similar to small pieces of sponge. Aerobic and focul-

tative aerobic bacteria gather in these flocculi in immense
numbers, from 12 to 14 million per c.c. ; some having been

strained from the sewage, and others developed by natural

growth. Among the latter are species which possess the

power to decompose organic matter, especially of an

albuminoid or nitrogenous nature, setting the nitrogen

free; and others, absorbing this nitrogen, convert it into

nitrites and nitrates. These biological processes require

time, air and favorable environments, such as suitable

temperature, food supply and sufficient agitation to dis-

tribute them throughout all parts of the sewage."

As the supply of air under suitable conditions is a

primordial requirement, experiments were made with air

jets, filtros plates, monel metal cloth, and Kisselghur, to

ascertain the best practicable method of diffusing the air

and the relative area of the diffusers to that of the tank
was investigated. Whether superactivated sludge will

lead to an economy in the supply o{ ;ur in the tanks is a
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most interesting problem to study. The most effective

depth of sewage under aeration to absorb the maximum
of oxygen as the air passes through, as well as the effects

of low temperature of the air on the efficiency of the

process, are receiving attention, whilst the best method
of applying the process according to the varying hourly

flows of sewage and to the fluctuating strengths of the

liquor will afiord engineers and chemists ample scope for

their ability and ingenuity. The advantages of continuous

flow over intermittent flow methods do not appear to be

very pronounced except as to the cost of construction and

operation, where the continuous flow tanks are superior,

although "with a wide variation in strength of sewage

and rate of flow a more uniform standard of effluent can

be obtained with the fill and draw method because it is

susceptible of better control."

The question of how best to reduce the sludge to a

fertilizer and extracting the grease is a most important

one, because it is anticipated that sludge, which is now
often an abomination to be got rid of by any means, will

in future be saleable at profit, and if this is accomplished,

then the ancient slogan of "back to the land" will be

realized with advantage to the mimicipal authorities and

to the farmers.

If space is available, fuller references will later on be

made to the various engineering problems referred to, be-

cause the success of a sewage treatment plant depends
largely on the careful development of details. A fifty-

million-gallon plant is not constructed very often and,

furthermore, what might answer admirably under scientific

management which can be obtained for large works, may
not be equally attainable at average installations.

Mr. Copeland's report is a comprehensive one and
provides statistics which show what results were obtained,

and these will now be discussed.

The sewage was screened through a ?4^-in. bar screen

to remove the coarse materials, passed through a grit

chamber to settle out mineral substances and sampled
every hour in a gallon measure. A representative portion

of the sample—about 250 c.c.—was taken out each hour,

chloroformed and put into a bottle which was packed in

ice so as to suspend biological changes pending the time
when a 24-hour collection of samples was available for

analysis. Settleable 'solids were measured in tapering
glass vessels ; ptortions of sewage were filtered through
filter paper, and these, as well as tmfiltered sewage, were
evaporated to dryness to determine the weights of the

total and soluble solids—the difference being recorded as

suspended matter. Free ammonia was determined by
direct Nesslerization. The tests for numbers of bacteria

contained by the sewage were made upon agar incubated
at 20° C. for 48 hours, the sample being diluted with
sterile distilled water.

From the results obtained at Manchester by the

originator of the activated sludge process, Messrs. .Adern

and Lockett, it would appear that the time required for

the maturing of sludge was in the first instance about six

months, but this period has been reduced considerahlv.

-As already stated, the first experiments upon this process
at Milwaukee were started in the laboratory about March
ist, 19

1
5. The apparatus used consisted of two glass

tubes 6 ft. long by 1 1^^ ins. diameter. At the bottom of

one tube a filtros plate was placed to diffuse the air

through the mixture. A small glass tube was placed
inside the other tube to carry the air to and discharge it

near the bottom of the tube in an open jet.

On March 6th these tubes were filled with raw,
coarse screened sewage and some sludge from the final

sedimentation tank of the S-ft. sprinkling filter, air was
turned on, of unknown quantity, but sulficient to keep the
mixture in violent agitation. On March loth, or at the
end of four days' continuous aeration, the sewage was
clarified, the sludge had a brown color and settled readily.

The clear liquor was decanted off, raw sewage substituted
ana the mixture continuously aerated for another 24 hours,
when the air was shut off.

Within one-half hour the sludge had settled, leaving

a clear supernatant liquor, containing 20 parts per million

of nitrates. Fresh sewage was again placed in the tuljes
;

within 12 hours after aeration began nitrites and nitrates

were present and at the end of 24 hours' continuous aera-

C//!3yon ^o///^/a^ /^ /S^/fj "^^

nrrn
Fig. 3.

—

Section of Tank.

tion the liquor contained but a trace of free ammonia, one-
half part of nitrite and 20 parts of nitrates.

Dr. Edward Bartow, of Urbana,- was also able to

produce activated sludge in a few days.

The laboratory test showed that an open air jet gave
about equal results as the filtros plate diffuser. The results

gave such promise that a tank which had been used for

chemical precipitation experiments was converted into a
fill and draw tank for trying out the activated sludge pro-
cess. This tank has a capacity of 22,200 (U.S.) gallons.



47" THE CANADIAN ENGINEEE Volume 30.

or i.s.joo Imperial giilloiis. There are 50 filtros plates,

each I sq. ft. in area. The area of the tank is 336 sq. ft.

and liilros plates 50 sq. ft. or a ratio of i to 6.7. The air

was measured by a venturi meter and controlled by a hand

valve. The cvcle of operation was, roughly, as follows :

—

I'-illing, I hour; aeration, 3!^ hours; settling, '.. hour;

decanting, i hour. Samples were collected before and

after treatment and the average monthly results of the

analvses were as follows :

—

Per
Crude
Sewage

eniuent
from ccntage
Tank Removed

185
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GRAPHICAL TRKATiMENT OF ELASTIC RIBS."

II. TWO-HIXGED .\RCHES.

IN"
the preceding article a graphical method for obtain-

ing the elastic curve of any beam or rib was given
and the application of this method to the solution of

two-hinged arches will now be shown. The method
itself is perfectly general and applies to oblique and un-

symmetrical arch ribs, but in order to simplify the case

and make it as practical as possible, a common sym-
metrical arch will be taken as an example. When applied

to unsymmetrical arches the procedure is slightly different

but not more difficult.

Ths example of a two-hinged arch rib given in Merri-

man & Jacoby's "Roofs and Bridges," Part IV., will be

taken so that the graphical results may be compared with

the true values. The rib is a solid web parabolic rib of

uniform depth, 258-foot span and 26-foot rise. The

The centre points of the divisions were then projected in

parallel lines to the right and downward.

The horizontal reaction is obtained in the same man-
ner as in the graphical method for spandrel braced arches
as explained in "Roofs and Bridges," Part I\'., except,

of course, the displacements of the arch rib must be ob-
tained in a different way. The theory is the same as that

given in the previous article. Consider the horizontal

reaction as a redundant element and put the left end of

the rib on rollers so that it is free to move horizontally.

The rib is then statically determinate. If a vertical load
of unit intensity be placed at any point, O, the left end
will be displaced horizontally by a certain amount S^jg and
the value of H must be just great enough to produce an
equal and opposite displacement. Let the horizontal dis-

placement of the left end .1 under a unit horizontal force

at .4 be 8.., then

H
5aa

which gives the true value of H for the vertical load P at

//-

1.—Graphical Analysis of

Two-hinged Arch.

moment of inertia of the rib is assumed to vary as the

secant of the angle of inclination of its axis with the hori-

zontal. In this case there are 20 panel points and as 20

is a convenient number of divisions of the arch rib, they

were made the same ; but the number of divisions need
not, and usually does not, correspond to the number of

panel points. The rib was laid out to scale as in Fig. i

and divided into 20 parts such that ^ , is a constant.
EI

*Second article by C, S. Whitney, M.C.E., in

Civil Engineer."
'The Cornell

any point. The effect of horizontal or oblique loads will

be considered later. It follows from Maxwell's Theorem
that \o the horizontal displacement of A under a uriit

vertical load at O is equal to ^^a the vertical displacement
of O under a unit horizontal load at .4, and hence,

ps
" =-1—

AA

The solution of this equation requires the displacement of

the arch rib when acted on by a unit horizontal force alone

and these may most easily be obtained graphically by con-

structing the elastic curve for the rib under that loading.

If y is the ordinate of the neutral axis of the arch at any

point relative to the line through the hinges the moment
at anv point is equal to Hv = y, since H is unitv. The

' ^s
equation of the elastic curve is therefore ^'v = ^ /EI
^ y -V which gives the y-displacements of any point O
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rcLilivc to tlie tntigeiU at ( , Uic left end. The value of x

is ineasiircd from the point O.

The elastic line is constructed as before merely by
laying;- off the values of the moments y on the load line,

selecting a convenient pole and drawing the funicular

polygon A'B'C with its sides parallel to the rays of the

force polygon. The vertical ordinate between the curve

tangent to the sides of the funicular polygon and the
"• y X

H n« = p-

tangent to it at C is then equal to which gives the

displacement relative to the tangent to the arch rib at C.

The displacement relative to the line through the hinges
will therefore be given by the ordinate between the curve
A'B'C and the straight line A'C and

zp^s
S„. =

El
The value of z is measured to the same scale as the arch
rib and the pole distance /> is measured to the same scale

as the load line.

The value ^^ is obtained by the use of the formula

"=/!
Myds
EI -iiT.>'-

The y elastic curve A'li'C is thus seen to be the in-

fluence line of the horizontal reaction and the horizontal

reaction produced by a load P at any point is equal to the

corresponding y elastic curve ordinate multiplied by the

P
'

constant —~.
The remarkable simplicity of this method must be ap-

parent to any one who has computed reactions analytically.

Starting with a clean sheet of paper, the writer made the

analysis shown in Fig. i and determined the reactions for

unit loads at each of the 19 panel points in just seventy

minutes. The results tabulated below show the degree of

accuracy which was obtained with the small scale dia-

grams, the length of the arch rib being only about 13

inches. The flatness of the arch rib also decreased the

size of s" and increased the error.

Comparison of Graphical with True Theoretical Reactions.

HP Per cent.

/•/•/>/>/»/»/"
Load a
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structed. The arch rib is divided as before so that
EI

is constant and the average moment for each division is

laid off algebraically on the load line of the force polygon,

positive moments downward and negative moments up-

ward. The funicular polygon is constructed exactly as

before and the ordinates between it and the straight clos-

ing line give the amount of rise or fall of every point on
the neutral axis. The deflection is equal to

The elastic line in Fig. 2 shows how the rib sinks at

the crown and rises near the haunches.

Effect of Horizontal or Oblique Load.— It is some-
times necessary to consider the effect of horizontal loading

on an arch rib as in the case of the building: arch shown
in Fit The effect of oblique loads mav be determined

directly but it will usuallv be simpler to resolve them into

concentrated horizontal loads and the reactions can be
found directly from it, as shown in Fig. 3.

The graphical method of analysis outlined in this

article will save an immense amount of time, particularly

when applied to ribs which are in the least irregular, and
it makes the analysis of two-hinged arches practicall)'. as

simple as that of three-hinged arches. With slight modifi-

cations, the method may be applied to braced arches. Its

practical value is shown by the fact that it was used to

determine the stresses in the Hell Gate arch, the largest

two-hinged arch in the world. One of its greatest ad-

vantages is that it at once gives influence lines for the

reactions produced by a load at any point while an

analytical solution is confined to one particular condition

of loading and the solution must be repeated for each

change in loading.

The graphical method may also be applied to fixed

arches and the influence lines for thrust, shear and

moment can easilv be drawn. In the foregoing brief de-

Reactions Under Horizontal Load—Two=hinged Arch.

horizontal and vertical components and determine their

effect on the reactions separately.

The arch shown in Fig. 3 consists of columns hinged
at the bottom and a segmental arch rib supporting beams
and slabs. To determine the effect of horizontal loads,

the rib and columns are divided up into small parts so that

^s . .....
~pY '* constant and the centre pomts of these divisions

are projected horizontally as before. To determine the

reactions under horizontal load, it is necessary to draw
only one funicular polygon A"B"C". The same theory is

applied as before. The horizontal displacement at -4 pro-

duced by H must be equal to that produced by the hori-

zontal force P acting at any point O again considering .4

on rollers, or as before

H, = p!-.
5aa

The X elastic curve for unit value of H is again con-

structed as in Fig. i from the expression ^ x = ^ ,^ El

^ y'. The x displacement of the point O relative to B

is then equal to —
EI

and that of .4 is
EI

The

value of the left hand reaction is then

H = P-.

From this relation, the effect of any combination of

horizontal loads can be easily determined. It is very in-

teresting to note that if the funicular polygon be redrawn
so that it passes through the end hinges and the centre

crown point of the arch it becomes the reaction locus for

scription it has not been possible to explain the theory in

full, but the writer believes that the method can be readily

understood by one who is familiar with the ordinary
methods as given in the standard texts mentioned. When
the graphical theory is once understood, the general ap-

plication of the method is very simple.

In an action before a United States court for the value
of colts struck by a freight train consisting of 16 cars not
heavily loaded, and going at about 30 miles an hour, the
evidence showed a reasonable effort to stop the train. The
engineer testified as to braking power, but said it was very
variable. The trial court held as a matter of law that the
train could have been stopped within 600 or 650 feet. On
appeal to a higher court, how-ever, it was held that the find-

ing of the trial court was in error as there was no positive
testimony to sustain it.

The Canadian Fairbanks-Morse Company, Limited^ have

secured the sole rights in Canada for the Garrow Lamp for

the use of contractors. This light is of 8,000 candle power
capacity, and is made entirely of steel and cast iron, being
welded by the oxy-acetylyne process. One important point of

merit about the lamp is that it is possible to use this light in

places such as tunnels without danger, as any excess gas that

is generated cannot escape but is led to the burner and there

ignited at the main flame, thus obviating the danger of gas

being generated faster than it can be consumed.

The total number of persons killed from every cause on

the railways of the United State? during the year igi5 was

8,621, of whom 5,084 were trespassers. The number killed is

the smallest since iqo2, when 8,588 were killed, although now
the mileage is 28 per cent, greater, the gross revenue, which

represents traffic volume, 72 per cent, higher, the number of

passengers 52 per cent, greater, the tonnage 61 per cent.

greater, and 51 per cent, more men are employed.
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I'RICi: 01 •BLEACH" ADVANCING.

WaiiMwoiks oHicials .•inci livdraulic aiiil sanitary

engiiu'i-is are aware of the Irenieiulous increase in the cost

of ealciiini hypoclilorile and Hqiiid chlorine during the past

eight months, and this increase has been viewed with

alarm by those interested in the use of these chemicals for

water purification purposes.

Pr.acticallv all of the chlorine now manufactured is

formed by the electrolytic decomposition of salt solutions,

there being two by-products—chlorine gas and caustic

soda.

Liquid chlorine is formed by drying and compressing

the chlorine gas e\ olved from the electrolytic cell.

Calcium hypochlorite is formed by passing chlorine

gas over lime, the lime absorbing the chlorine and acting

merelv as an inert "carrier."

The war is directly responsible for the increase. Over

50,000.000 pounds of calcium hypoclilorite were imported

annually by the L^nited States and Canada from Knglan<l

and Germany, and a considerable part of such importa-

tions is used by waterworks.

The normal demand for bleach was considerably in-

creased by the use of this material in certain new pro-

cesses in the manufacture of explosives.

The supply of Canadian and American "bleach" avail-

able was not sufticient to meet the demand, and conse-

quently the price increased. When quotations on hypo-

chlorite reached the present figure, it was more profitable

for the manufacturers to take the gas required to manu-
facture liquid chlorine and turn it into hypochlorite, rather

than to compress and sell it as liquid chlorine. Therefore,

tTie price of liquid chlorine also increased.

Eight months ago, hypochlorite sold for i-'^^ cents to

2 cents per pound in small quantities and for 1I2 cents

per pound in carload lots. To-day it is bringing 12 cents

to 14 cents per pound in small quantities and 11 cents to

12 cents per pound in carload lots.

Eight months ago, liquid chlorine sold for 10 cents

per pound in small quantities and for 8 cents to 9 cents

per pound in large shipments. To-day it is quoted at

from 18 cents to 20 cents per pound on small quantities

and 15 cents and upward per pound on large yearly

contracts.

Both calcium hypochlorite and liquid chlorine are used

in considerable quantities to accomplish bacterial purifica-

tion of water supplies, .\lthough the amounts so used

form only a fraction of the quantities required in various

industries, the waterworks demand for these materials is

increasing continuallv.

In the manufacture of hypochlorite, the lime will only

carry a certain percentage of its weight of chlorine—ap-

proximately one-third—so that to obtain one pound of

chlorine for water purification, three pounds of hypo-

chlorite must be used. Liquid chlorine is 100 per cent,

pure chlorine.

Both calcium hypochlorite and liquid chlorine require

special apparatus for their application to water supplies ;

hypochlorite apparatus being known as "hypochlorite

dosing devices," and that for liquid chlorine as "chlorine

control apparatus" or "chlorinators.

"

The Canadian Engineer is indebted for the above in-

formation to Messrs. Wallace and Tiernan, of New York
City, manufacturers of chlorinators.

LETTKR TO THH I-DITOK.

Sir,—In connection with the editorial in your issue

(if April 13th concerning the status of the firm of Escher
W yss and Co., wc would esteem it a great favor if you
would publish the following facts in justice to our firm :

—

Up to September, 191 5, there was not the slightest

doubt in Great Britain regarding the nationality of our
firm. .A great number of orders from the British and
.Allied Governments were placed with us and executed
until the trouble started through the denunciations of

one of our competitors. Imme<lialely, our directors took

the necessary steps, through the Swiss Legation in

London and the British Consulate in Switzerland, to

institute an oflicial investigation. The British and the

C.-madian Governments were requested through the

Embassy in London and the Swiss Consul-General in

Montreal, respectively, to suspend any action until the

investigation was concluded. The name of our firm was
in the meantime placed on the "Suspensory 'B' List."

The investigation was carried out by a British dele-

gate on behalf of the Foreign Office, and as soon as his

report reached the Foreign Trade Department, we were
informed officially by Sir Edward Grey that no further

objections to our firm would be entertained. The Cana-
dian Government, unfortunately, was not informed of

this fact until February of this year through the Cana-
dian High Commissioner in London.

While the denunciations have caused both our works
and ourselves considerable annoyance and loss of busi-

ness, It has, on the other hand, enabled us to obtain an

official investigation and subsequent declaration which
will undoubtedly satisfy any of our customers who may
have been doubtful regarding our status. The majority

of our customers have always been satisfied with our

statements, as the number of contracts obtained by us

since the commencement of the war prove conclusively.

ESCHER WVSS & CO.,
Head Office for Canada.

Th. SeidI, Chief Engineer.

Montreal, .April 17th, igi6.

RAILROAD EARNINGS.

The follo\ving- are the railroad earnings for the first week
of April :

—

Canadian Pacific Railway.

ic)i6. 1015.

.April 7 $2,482,000 $1,766,000 -I- $716,000

.April 14 2,577,000 1,701,000 -I- 876,000

Grand Trunk Railway.

.April 7 $1,155,486 $1,008,320 +$147,166

.April 14 1,024,505 864,658 + 159,847

Canadian Northern Railway.

.April 7 $ 677,000 $ 457,000 + $220,000

.April 14 668,goo 463,700 + 205,200

Hydraulic pressure for forcing antiseptics into wood was
first used in 1831 by a Frenchman n.Tmcd Breant. He used
a closed, vertical cylinder, in which the wood was placed up-
right on end and the pressure applied.

According to the annual blue book of the Railway De-
partment giving telephone statistics, there is now one tele-

phone for every 15.1 persons in Canada. The increase in the

use of the telephone has been steady during the past few
years, and war conditions do not seem to have interrupted

the progress. The number of telephones reported as being
in use in 1915 was 533,ogo, an increase of ii,g46 over igi4-

The princijial growth was in rural districts. The net cari-

ings of the i,3g6 companies in Canada totalled $4,764,957,

which was $350,091 better than the result of igi4. The total

rapitalization of Canadian telephone companies now amounts
to $74,285,000.
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AMERICAN RAILROAD BRIDGES.

AMERICAN railroad bridges as now constructed are

the results of an evolution, during the course of

. which many types found to be undesirable were
abandoned ; some types found to be good were

maintained and new features and types were introduced,

until, finally, the 1915 standards represent the culmination,

at the end 'of more than three-quarters of a century of

railroad bridge history. During the first period, extend-

ing to 1865, there was no real science of proportioning

members and the best that builders could do was to be

guided by judgment based on experiment or precedent,

and to make alfnew bridges stronger than before. During
the second period, 1865 to 1890, scientific designing be-

came general and the typical .American railroad bridge, "a
skeleton structure pin-connected at all the principal articu-

lations," was brought to a fair state of development. The
present standards were essentially developed during the

third period, 1890 to 1915. The scope of the present

sketch will be confined to the third period, ending in 191 5.

Naturally, the trend of improvements in bridge con-

struction has been controlled by a number of definite in-

fluences, some of which are still in operation, and will

undoubtedly continue long into the future. American rail-

road bridges, therefore, although substantial, economical

and durable, are still in a state of development, the, final

culmination of which cannot as yet be foretold. The most
persistent of these influences has been the constantly in-

creasing w'eight of rolling loads. It has far exceeded any-

thing which was anticipated in the past, and has been the

direct cause of the renewal of many bridges which would

have been still serviceable under the loads for which they

were designed.

-All of the earlier types of patented bridges were tested

in service to the full extent of their capacity and endurance

and it was observed that while they were good enough for

the light loads and traffic of their day, their flimsiness, due

to the inherent defects of their designs, and their action

under traffic made them very unsatisfactory structures for

heavier loads. They, therefore, became obsolete and were

replaced by the improved types of single-intersection, pin-

connected trusses, and by riveted, lattice and plate girders,

which were evidently much superior and which had been

developed to such a state of perfection by the year 1890

that engineers believed they had established standards of

design which would endure. These more modern bridges

have also been tested in service under increasing loads to

the full extent of their capacity, as was the case with the

earlier bridges, and it has been learned that, while these

later bridges were also well adapted to the traffic of their

day, their designs embodied features and details which

prevented them giving long and satisfactory service under

the heavier loads which were constantly being placed upon

them. The trusses had too many adjustable members and

light bars to shake loose, too many hinged joints to wear
away, and too much motion of parts to inspire confidence

under the fast speed of heavy engines and trains. The
necessity for less looseness and greater stiffness became
apparent, and it was found that when the flimsy, adjust-

able bracing was replaced with stiff bracing with riveted

connections, and the shaky eye-bars were tied together so

as to reduce motion, the stiffened structure gave much
more satisfactory service. Therefore, the effects of the

influence of the constantly increasing loads on railroad

bridge development is evidenced by the elimination of ad-

justable members and short span trusses, and by the

general stability and solidity of construction which are the

essential characteristics of present standards.

.'\nother influence m .American bridge development
has been the introduction of new materials of construction.

In the old abandoned types, wrought iron rods or links

were used generally for tension, and wood or cast iron for

compression members. The substitution of wrought iron

for the cast iron and wood enabled the construction of the

improved types which were standard in 1890, and which
had details and connections far superior to anything which
could be obtained by the use of cast iron or wood. Since

1890, rolled structural steel has entirely supplanted

wrought iron in metal bridge work, and on account of its

greater strength and economy it has had an influence on
the construction of longer lengths of spans, both in girders

and in trusses, than were attempted with wrought iron.

The standard structural steel, at the present time, has an
ultimate strength averaging about 60,000 lbs. ; and the

longest simple span so far constructed of it is 620 ft. This
span is in the Kentucky and Indiana Terminal Railroad

Company's bridge across the Ohio River at Louisville,

built in 1912.

.Viloys and special steels, with much greater strength

than standard structural steel, are now used in long-span

luirrsLir, j.lJi«»l:LLll'..llUjt!L-ilL

==^Sr£i -mrim'

*.-\bstract from n paper read by J. E. Greiner, M..Ara.Soc.

C.E., at the International Engineerintf Con.ijre'is.

Fig. 1.—Trestle and I-Beam Bridges of 1890=1915.

trusses for the purpose of keeping the dimensions and
weights of members within the limits of commercial and
economical production. For instance, nickel steel was
used in the construction of 668-ft. spans of the Municipal

Bridge at St. Louis, built in 191 2. Nickel steel eye-bars

and so-called silicon steel compression members will be

used in the Ohio River Bridge at Metropolis, the longest

span being 725 ft. ; high carbon steel is used in the 977.5-
ft. span of the Hell Gate Bridge ; and Mayari steel, which
contains nickel, and is made from the Mayari ore from
the north coast of Cuba, is being used in the construction

of a large bridge which is to span the Mississippi River

at Memphis. These alloys and special steels have not, as

yet, exerted any material influence on the development of

railroad bridges, except, perhaps, in the direction of

greater span lengths than can be economically, or even

practically, constructed of the standard structural steel.

A material which has come into general use during

the past few years is reinforced concrete. It has had a

very decided effect on bridge development, since it has in-

fluenced the adoption of a new type of short-span bridge

having a ballasted deck and a solidit\' of construction with
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,cn ccDiuiiuv impossible lo be obtained by llie use of any
other available material.

Another influence on bridge development is the im-
prt>\ement in tools ami maehinery, especially in pneumatic
tools and self-propellini; erection derricks. PneiMii.itic

drills, reamers and rixelers are now generally used in

erection work in place of the old-time hand tools, and has
a consequence, tield-riveted connections are no longer
avoided, as was the case in 1890, since they can now be
easily and quickly made. By the use of self-propelling

erecting derricks, plate girders and bridge numbers of a

weight lar beyond what was formerly practicable can now
be handled and erected with safety, facility and economy.

At the beginning of the period (1890), pile and framed
timber trestles were being constructed on main lines.

The design differed in no material respect from the earliest

types, except as to number and dimensions of timbers, the
door deck being composed of cross-ties resting on groups
of timber joists. In suitable locations, they were eco-
nomical, easy to maintain under their light traHic and re-

garded as all-sullicient for the purpose. Howe truss

bridges were also being built on main lines of some roads.

^001
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stitute ; and on some roads short spans are reinforced con-

crete girders or slabs. Plate girders are being built and

shipped in one piece in spans up to 120 ft, and, in some
cases, of even longer length ; the ability of the railroad

companies which handle them being still the governing

condition. Shipping conditions require a limit in the depth

of these girders to about 10 ft., and for this depth they

are now more economical than riveted trusses of the same
depth for spans between 100 ft. and 120 ft. The standard

practice in regard to riveted trusses is to use them for

spans between 120 ft. and 200 ft., although much longer

^ / !'^m.»MC!iMt^uf



^84 THE CANADIAN ENGINEER Volume 30.

PRECISK LHVKLI.INCi HY
SUHVHV.

THi; GEODETIC

b) 1-. U. Heid, D.L.S., Supervisor of Levelling.

fConcluded from last issue.)

'On all siciions upon which the for\vard_ancl back-

ward measures dilTer by more than o'.oi; v M (M being

the distance in miles between adjacent bench marks) both

the forward and backward measures are to be repeated

until the difference between two such measures falls within

the limit. No one of the questioned measures is to be

used with a new measure in order to get this agreement.

In this way, four, six or more measures are made, the

mean of all being taken and the individual residuals de-

termined. Reject all measures whose residuals are greater

than o'.oi7 ^M; then take a mean, of all remaining for-

ward measures for a final forward result and a mean of

all remaining backward measures for a final backward

result.

"\o rejection shall be made on account of a residual

smaller than aforesaid unless there is some other good

reason for suspecting an error in this particular measure,

and in such case the reason for rejection must be stated

in the record.

"Between two adjacent permanent bench

marks the same rule as to agreement of for-

ward and backward levelling is to be applied
;

consequently it may be necessary, at times,

to relevel sections which are themselves

within the allowable limit of error in order

to bring the longer section between perma-

nent benches within such limit.

"When a blunder is discovered, such as a

misreading of one foot or one-tenth, or an

interchange of sights (a backsight being re-

corded as a foresight, the correction should

be made by recovering the old turning

points and making the readings anew. The
figures in error should then be struck out

(not erased) and the correct figures inserted,

the leveller initialing the change.

In the event of one or more blunders being

discovered in both the forward and backward
measures of a section, or in any other case

in which there is any uncertainty whatever,

the leveller is to follow the safe course and

relevel the section in one direction after the

corrections have been made.
"If, in the progress of the work, the difference be-

tween the forward and backward levelling shows a con-

stant tendency as to sign, the leveller should not spend

time relevelling sections which are themselves within the

allowable limit in an effort to reduce the total discrepancy.

He must rather look for the source of trouble in his general

program of observations and in the habits of the rodmen.

"The daily mileage is influenced very largely by the

length of sight ; but if a leveller, through desire to make
rapid progress, attempts to read farther than he should,

the thread intervals will become irregular and his re-

levelling will probably be excessive. In any case the work
will not be of a precise nature.

"The line of sight must be removed as far as

possible from the abnormal boiling of the atmosphere

near the ground. In this connection especial care must

be exercised when levelling along grades since the rod

readings in one dire<lii>n are necessarily nearer the

ground than those in ihe other. The unequal refrac-

tion of the lines of sight will ihen tend to intn^duce

a systematic error in the results, which is all the

more serious since it will not be apparent if the level-

ling in the two directions is done under similar

atmospheric conditions. If any unsteadiness in definition

is noticeable, the rod reading of the lowest thread sliould

never be within one foot of the ground. This will often

mean shortening the sights consideralilv, but it must not

be forgotten that, though speed is desirable, the work is

of a precise nature and results of the highest order are of

the first importance."

The requirement that the discrepancy between forward

and backward levelling shall be within o'.oiy v' distance

in miles has been adhered to as closely as possible

throughout the work. This means that for i mile the

forw'ard and backward shall correspond within o'.oi7,

for 4 miles within o'.034, for too miles within o'.i7o, and
so on. Quite frequently the total discrepancy of a line

shows a constant, and often unaccountable tendency to

accumulate in one direction ; that is to say, the up-hill

runnings persistently give larger results than the down-hill

runnings, or vice versd, without regard to whether the

up-hill running happens to constitute forward levelling or

j^o/tTH ecf^o

*Read before the Royal Astronomical Society of Canada,
at Ottawa, March 31, 1916.

Fig. 5.—District Covered by Levels Run from Mean Sea-Level, as

Established by the Tidal Survey at Vancouver, B.C.

backward levelling. Various precautions are used to

guard against this. If, when reading from the successive

instrument stations or set-up points, the rear rod were

always read first, and the forward rod last, any settlement

of the level between the backsight and foresight would

have a constant tendency to make the foresights too small,

and on the backward levelling this effect would be re-

peated, causing the discrepancy between the two runnings

to accumulate rapidly. This is obviated by reading on the

rear rod first at one station and on the forward rod first

at the next station, so that any settlement at one will be

counteracted by the settlement at the next. This method
also has the advantage of eliminating the effect of a uni-

formly changing refraction in the atmosphere, such as

usually occurs most noticeably in the early morning and

late afternoon hours. It, of course, has the effect of hold-

ing back the progress of the work considerably, as at every

second set-up the leveller has to wait for the front rodman
to reach his turning point, and afterwards wait for the

rear rodman to overtake him before going forward.
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Another source of error would be a systematic rising

or settling of the rod supports. This would have a similar

effect to the movement of the level, and cannot be guarded

against in the same way. It is essential that rod supports

should be as solid and immovable as possible. In running

along a railway the most solid supports are also the most

convenient, namely, the top of the rails. The rodman

holds the rod with its semi-circular knob on a cross

made on top of the rail, about midway between the rail

joints. This has been found to be more satisfactory for

a turning point than anything else. Upon a track in

ordinary condition the passing of a train appears to have

no effect. The rail may rise and fall an inch or more
under the passage of the wheels, but careful comparison

of the elevation of the point on the rail with some solid

point to one side, before and after a train has passed,

shows that the rail returns to sensibly the same elevation.

Of course, when the track has been freshly ballasted and

is, consequently, likely to settle down under a train, a

turning point is taken to one side w'hen a train is known
to be approaching. When following a highway, as when
running branch lines into a town, suitable steel pins, driven

solidly into the ground, are used. The verticality of the

rod, while readings are in progress, is maintained by

means of a small spirit level.

Regarding the paragraph in the instructions which

deals with levelling along grades, it is evident that when
running up a steep grade the point read on the forward

rod is much nearer the ground than on the rear rod, con-

sequently the effect of refraction, or boiling of the atmo-

sphere, is to distort the foresights more than the back-

sights. By taking very short sights, and thus keeping

the line of sight away from the ground as much as

possible, the effect is minimized but not by any means
eliminated. The only way to do the latter would be to

wait for cool, cloudy weather, when there is no perceptible

refraction—which is not usually practicable. If one makes
the forward levelling in such weather and the backward
in a bright, hot sun, or vice versa, the discrepancy is

usually very noticeable. If both measures were made
under the unfavorable conditions the results would
probably show a good accordance, but both would be in

error. This error would be compensated on the next down
grade only if the weather conditions were similar. Atmo-
spheric refraction affects the readings on the levelling rods

most noticeably in two ways : Firstly, when the ground
is being rapidly heated by the rays of the rising sun, the

lowest stratum of air becomes, in its turn, heated by the

ground and begins to flow upward. This has the effect

of making the readings appear to rise and fall vertically,

and even to remain for a minute or so in quite abnormal
positions. Such conditions are unsuitable for observa-

tions. Secondly, w-hen the air is bubbling, the graduations

on the rods appear to dance or vibrate ; they are then dif-

ficult to subdivide, but no systematic error is to be feared.

The length of sight taken depends upon the atmo-

spheric conditions. Under the influence of a bright sun,

without any breeze, especially when following a cold

night, the boiling of the atmosphere is so severe that the

divisions on the rod often cannot be subdivided with

accuracy at a greater distance than 200 feet. Under
average conditions sights vary from 300 to 400 feet. On
a very favorable day these may be lengthened to 500 or

550 feet, or even more. The above remarks apply,

naturally, to a level, or almost level, track. On a 2 per

cent, grade, sights of 200 feet could not safely be exceeded

in the best of weather.

The average progress for one month's work should

be 60 or 65 miles of completed line. The amount of re-

levelling required should not amount to more than 10 or

12 per cent., provided weather conditions are at all

favorable.

This class of work is so dependent for speed and pre-

cision upon the weather that it is found necessary to dis-

continue it in the autumn when the weather gets cold and
storms become prevalent.

When carrying the line of levels along the railways

the elevation of the top of the rail is taken opposite each
station and at the crossings of intersecting railways,

whether diamond, overhead or under crossings ; in the
latter cases, the distance to the rail of the intersecting rail-

way is measured with a tape. When rivers or arms of

lakes are crossed by bridges the rail level is taken on the
bridge and the distance to the water measured. The rail

elevations are tabulated in the office in a separate form of

record from the bench marks and are useful as giving
permanent records of the work in addition to those fur-

nished by the bench marks. They are also very useful to
the companies, since they furnish a means of comparing
their profiles with our levels without the necessity of

making any actual connections on the ground as would be
necessary in the case of bench marks.

The elevations furnished in this way are only tabulated
to the nearest tenth of a foot. They furnish a very
practical record, nevertheless, and are in demand by
engineers and others.

When the final elevations for the junction points have
been fixed by an adjustment by the method of least squares
or other means, the new elevations for the intermediate
points may be fixed by interpolating between the junction
points. The results thus obtained will be satisfactorv onlv
until more levelling is performed and still more circuits

are introduced into the net, thus upsetting to a greater or
less degree the results of the adjustment.

Regarding the precise level net of the United States

the following paragraph from the report of the Coast and
Geodetic Survey on the fourth (or 191 2) general adjust-

ment will be of interest: "When extensive additions are
made to the precise level net of the country a readjustment
of the level net must be made in order to obtain the best

practicable elevations of bench marks and to eliminate the
differences in the elevation of a bench mark which is on
several lines of levels. Theoretically, the best method of

procedure is to readjust the entire net and not to hold fixed

any elevations resulting from the previous adjustment.
This method, however, is impracticable, for the surveyors,

engineers, and others w-hose operations are based on the

elevations furnished by the precise levelling, wish to have
the elevations used in any particular case held as fixed for

an indefinite period or for all time."

The following plan was adopted in the 191 2 adjust-

ment : .^n adjustment of the entire net was made, then a

comparison was made of the elevations resulting from
that adjustment and from the last previous (or 1907) ad-

justment. This showed that the elevations of the bench
marks lying to the eastward of an imaginarv line running

(approximately) from the middle of Lake Superior to the

Gulf of Mexico near Xew Orleans might he held without

change. Sixty-nine junction points were enabled to be

held and of these only 14 had a difference of more than

one-third of a foot from the elevations given by the new
adjustment. .\ special adjustment was then made which

included that portion of the net to the westw-ard of the

imaginary line mentioned above. "The elevations in the

western part of the country resulting from the special

adjustment and those held from the 1907 adjustment in

the eastern part of the country are assumed to be standard
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clcvalions ;ind aiv ixpiclcil 10 be held wilhoui .haiigi'. ll

is bciievod ihat llu' prwise levelling net is sullicienlly ex-

tended and of siieh strenglh that this may be done and

that any new levelling in the future can be fitted to the

standard ele\alions."

Quotinjj now from Special Publication No. 22 of the

Coast and Geoaetic Survey: "From time to time in the

future, general adjustments of the level net will no doubt

be made in order to obtain the theoretically best elevations

of the junction points; but such adjustments will not

disturb the standard elevations, unless they are found to

bfe greatly in error on account of blunders in the levelling

or due to the rising or settling of the bench marks from

earthquake disturbances or the operations of man."

In India, w^here a system of levelling has been carried

on since 1S5.S, a complete report was published a few

years ago by the tireat Triangulation Survey. This gives

the results of a thorough adjustment of all precise levelling

up to 1909 by the method of least squares. Hefore this

pubTication, arbitrary methods of adjustment were adopted,

in most cases by giving infinite weight to the older lines

and then fitting the new levelling into the old. So great

discrepancies arose, however, that a complete readjust-

ment, bv a scientific method, was found to be necessary.

No adjustment has as yet been made of our system

of levels in Canada. While a very considerable mileage

has been levelled, it is. nevertheless, pretty well scattered

all across the country and many additions to the system

are still contemplated in each of the provinces. In view

of this and of the rapidity with which new lines are being

completed and new circuits closed, it would be premature

at the present time to make an adjustment, only to have

it upset in the near future. Fifteen circuits have, up to

the present, been closed.

One of these circuits had a perimeter of 1,184 rniles

and a closing error of 1.285 feet, giving a closing error

per mile of .00109 feet. The lengths of the other circuits

ranged from 14 miles to 697 miles and the closing errors

per mile from .00025 to .00503.

One circuit is composed of two lines starting from

the village of Kipp, .A.lta. Both are carried over the sum-

mit of the Rocky Mountains, one via Calgary and the

Kicking Horse Pass, the other via the more southerly

route through the Crows Nest Pass. Coming together at

the town of Golden, B.C., the two lines give elevations

for the junction bench mark differing by less than I'i

inches, the total distance around the circuit being 623

miles. No one, of course, would be justified in saying

that this result was due entirely to the accuracy of the

levelling, which, by the way, 'was done by two different

levellers working independently. No doubt errors counter-

balancing one another ha\e a good deal to do with it.

Progress and Publication of Results.—Le\eHing

operations have been carried on each year by the Geodetic

Survey since 1906. During the last two seasons six parties

were in the field, while during the two seasons previous to

that (i.e., 191 2 and 191 3) four were employed. The total

amount of levelling accomplished to date is 8,405 miles
;

that is to say, this distance has been run forward and the

same distance backward, no account being taken of re-

levelling. Of the above amount a little over 1,800 miles

was done during the season of 1915. This is considerably

the largest amount so far in one season. Two thousand
three hundred and seventy permanent bench marks have

been established, all being of tlie copper-bolt \ariety de-

scribed earlier in this paper.

In order to give the public the benefit of our work,
publications ha\-c been issued in pamphlet form each

winter for the past four years. These gi\e the results of

the le\eHing in the different parts of the country as far as

they are ready for publication and also include an index

and map which are revised each year to indicate both the

new work and that previously published.

For reasons previously stated, the elevations are not

adjusted before publication. Where a new line is closed

upon a previously published line the amount of the closing

error is clearly shown so that anyone using the elevations

will have evidence of the degree of precision obtained,

h'urther, it is an easy matter to make a correction, equal

in amount to the closing error, to any bench marks in the

immediate vicinity of the junction point.

ORGANIZATION OF THE
SURVEY.*

HYDROMETRIC

THE chief features of the stream measurement work
are the collection of data relating to the flow of

surface waters and a study of the conditions

affecting this flow. Information is also collected

concerning river profiles, the duration and magnitude of

floods, irrigation, water-power, storage, seepage, etc.,

which may be of use in hydrometric studies.

This information is obtained by a series of observa-

tions at regular gauging stations, which are established

at suitable points. The selection of sites for these gaug-

ing stations and their maintenance depend largely upon

the physical features and needs of the locality. If water

is to be used for irrigation purposes the summer flow-

receives special attention ; where it is required for power

purposes, it becomes necessary to determine the minimum
flow ; if water is to be stored, information is obtained

regarding the maximum flow. In all cases the dura-

tion of the different stages of the streams is recorded.

Throughout the country gauging stations are maintained

for general statistical purposes to show the conditions

existing through long periods. They are also used as

primary stations, and their records in connection w^th

short series of measurements vi-ill serve as bases for esti-

mating the flow at other points in the drainage basin.

Local residents are engaged to observe the gauge heights

at regular stations. These observations are recorded in

a book supplied by the department, and at the end ol

each week the observer copies the week's records on a

postal card, which he forwards to the Calgary office by

the first convenient mail.

District hydrometric engineers make regular visits

to the gauging stations, usually once in every three

weeks. On these visits they examine the observers'

records, make discharge measurements, and collect such

information and data as would be of use in making esti-

mates of the daily flow at the station. The results of

the discharge measurements and all data collected are

forwarded as soon as possible after being completed to

the Calgary office, where all reports are copied on regular

forms and filed.

During the winter no records are taken at a number
of the gauging stations, which makes it possible to reduce

the field staff and have each engineer spend some time

in the office and assist in the final computations and esti-

mates of run-off. .\s far as possible, the same engineer

I hat did the field work makes or checks the office com-

*From the report of Propfress of Stream Measurements,
1014. by P. M. .Sauder, G. IT. Whyte and G. R. KlHott.
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putations, so as to eliminate any chance of error through
lack of knowledge of the conditions at the gauging
station.

Gauge height-area, gauge height-mean velocity, and
gauge height-discharge curves are plotted and rating

tallies constructed. Tables of discharge measurements,
daily gauge height and discharge, and monthly discharges

are also compiled. The.se records have been collected

and are embodied in the Sixth .\nnual Report of Progress
of .Stream Measurements.

The staff consists of the chief hydrometric engineer,

two assistant engineers, one recorder, one computer, and
one clerk in the office, and thirteen assistant engineers

in the field.

During 1914 the territory was divided for adminis-

trative purposes into eleven districts, viz., Banff, Cal-

gary, Macleod, Cardston, Milk Ri\er, Western Cypress

Hills, Eastern Cypress Hills, Wood Mountain, Saska-

toon, Edmonton and Athabaska. In each district there

was one engineer, who while in the field employed tem-

porary assistance and was equipped with the necessary

gauging and surveying instruments. In Banff, Calgary,

Macleod, Saskatoon, Edmonton and .Athabaska districts

the engineers travelled by train and hired livery, and

stopped at hotels and stopping-houses ; while in the other

districts thev were supplied with a team, democrat and

camping outfit.

During the open-water season of 19 14 records were

taken at one hundred and seventy-four regular gauging
stations on various streams in Alberta and Saskatchewan,

and at sixty-five regular gauging stations on irrigation

ditches and canals. Winter records, which are so valu-

able for power investigations and municipal water sup-

plies, received special attention, and records were secured

on almost all the important streams in the two provinces

throughout the year.

Special investigations, which were commenced in

1913 to determine the absorption and seepage losses in

canals, have been continued. The officials of the Cana-

dian Pacific Railway and the Alberta Railway and Irri-

gation Company have assisted the engineers of the gov-

ernment considerably in work done on the irrigation

tracts of their respective companies. In addition to

measuring the flow of the canals, the temperature of the

water has also been taken. Results of these observations

will produce valuable data in a few years.

The current-meter rating station, which is located

at Calgarv, has rendered valuable service not only to the

Hydrometric Survey, but to the British Columbia Gov-
ernment, the ^Manitoba Hydrographi<: Survey, the Depart-

ment of Public Works of Canada, and to the Canadian
Pacific Railwav Company.

Each meter is rated before being used, in order

to determine the relation between the revolutions of the

wheel and the velocity of the water. The meter is driven

at a uniform rate of speed through still water for a given

distance, and the number of revolutions of the wheel and
the time are recorded. From this data the number of

revolutions per second and the corresponding velocity

per second are computed. Tests are made for speeds
varying from the slowest which will cause the wheel to

revolve to several feet per second. The results of these

runs, when plotted with revolutions per second as ab-

scissae, and velocity in feet per second as ordinates,

locate points that define the meter rating-curve, which
for all meters is practically a straight line. From this

curve a meter rating table is prepared. Theoretically,

the rating for all meters of the same make and type

should be the same, but as the result of slight variations
in construction and in the bearing of the wheel on the
axis at different velocities the ratings differ.

.After a meter has been in use for some time the cups
may have received small injuries, or the bearing of the
wheel on the axis may have changed owing to unavoid-
able rough usage. The.se changes will affect the running
of the meter and change its rating. .As a consequence,
each meter is re-rated at regular intervals and a new
rating curve and table prepared. Rating tables are pre-
pared for each rating of a meter and blueprints made,
which are sent out with the instrument, while the origi-
nals are filed for reference in the office.

In addition to the regular work a few experiments
on rating meters have been carried out. These gave
results which will be of assistance in future rating and
field work. It is the intention, however, to make further
and more extensive investigations before publishing the
results.

Wjien the stream measurement work was first started
the gauges were usually referred to bench-marks on
wooden stakes or stumps of trees. These were easily

shifted or destroyed, and were not satisfactory. In igii

View of the Car at the Current Meter Rating Station at

Calgary, Alberta, Showing the Apparatus for

Suspending the Current iMeter in the Tank.

an iron bench-mark was adopted by the branch, and now
almost all the gauges are either referred to bench-marks
on concrete piers or other permanent structures, or to

one of these iron bench-marks. Whenever an opportunity

is afforded, the.se are tied to the Canadian Pacific Railwav
or Dominion Government levels, to determine their eleva-

tion above sea level, and they are, therefore, also a con-
venient reference for local levelling operations.

.\s above intimated, the reports of the gauge-height
observers and the hydrometric engineers are transmitted

to the office by mail. These are copied on office forms
and filed in a cabinet, which is carefully indexed, and
where they can be referred to at any time without trouble.

As the engineers complete their computations, the results

are entered on convenient forms and filed in the same
cabinet.

.\ cabinet made up of four styles of drawers is used
for filing the records. The top section is used for filing

the gauge height books of the observers and the current

meter notes of the engineers. The gauge height books
and current meter notes are filed alphabetically, according
to the names of the streams. The next section contains
the postal cards sent in by tht observers, and these are
also filed alphabetically according to the names of the
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sliiMius. riu- lliiid section is iiiado up ol map diawiTs,

and coiilaiiis the gauge height-area, gauge heiglit-mean

velocity and gauge height-discharge curves, and plotted

.cross-sections, which are tiled alphabetically, according

to the names of the streams. The same section contains

the maps showing tiic outlines of the drainage basins,

liletl numerically according lo the number of the sec-

tional sheet. The rating curves for the current meters
are also filed in this section numerically, according to the

office numbers of the meters. The bottom section of the

cabinet consists of letter-size pockets, alph.ibctically

arranged for each g.iuging station. The tables of gauge
heights, discharge measurements, daily gauge height and
discharge, monthly discharge, a description of the station,

and memos of any changes are filed in these pockets.

The different rating tables for each meter are also filed

numerically in this section, and another drawer contains

the daily and monthly reports of the meterological service.

The copying and filing of the reports of the gauge
height observers and the engineers is entrusted to the
office recorder. While doing this he carefully examines
all records to see that there are no errors, and where
there are doubtful or impossible records it is his duty to
have the data corrected or ascertain the cause of the
unusual condition. He also makes out the pay list for

the observers and conducts the correspondence relating

to the records.

All iximputations are checked before being used or
published. For this reason, as far as possible, men with
some technical education, or students in science, are
engaged as helpers. The gaugings are computed by the
helper and his work is checked by the engineer. In some
instances, where there is a great deal of driving and
camping out, the engineer cannot secure a helper who
can compute discharges, and in that case he computes
the discharges himself, and his computations are checked
in the office.

Gaugings of the flow under ice are usually made by
using the multiple point method, and vertical velocity
curves have to be plotted to determine the mean velocity
in the vertical. The computation by this method is long
and tedious and cannot be done by the engineer in the
field. There are, therefore, a great many computations
to be made in the office, and the services of a computer
are required.

The results of the discharge measurements are plotted
on cross-section paper by one of the assistant engineers
as soon as they are received in the oflice, and thus a very
close check is kept on the records, and errors can. be
detected at once, and in most cases can be rectified. At
the same time the records are kept up to date, and
demands for provisional estimates can be met at an early
date. Important changes in the flow are also detected
at once, and instructions are issued without delay to the
field men to obtain further gaugings. The methods used
m gauging streams will be discussed in a future article.

l»HOI'I:R METHODS 01 LAYING WOOD 1'11'E.

Bv John H. Ciirzon, A.M.Can.Soc.C.H.

Scver.il articles describingr special applications for search-
lights, which have been developed during the war, are con-
tained in a recent issue of Popular Mechanics. The first of
these describes a method, developed bv an American, to
locate submerged mines. A powerful enclosed searchlight is
mounted under water to one side of the vessel and near the
bow. Slightly above the searchlight there is a periscope
mirror arrangement, enclosed in a tube coming up to the
deck, through which, it is claimed, the observer can see any
object illuminated by the searchlight beam at a distance as
great as 2,000 feet.

FROM the earliest days of civilization, when man
found it necessary to convey water from one point

to another, wood pipe has been used for the pur-

pose. Probably the man who thus converted the

great forces in Nature to the use and convenience of man
became the first ci\i! engineer. At any rate, his actions

in building the first pipe line certainly fulfilled the great

definition as laid down by the Institution of Civil

Engineers, and which has ever since remained the prin-

cipal foundation-stone of the great profession of civil

engineering.

One would think that wood pipe would have in-

creased in efficiency from the start, but such is not the

case. For many years it did increase in quality and
efficiency as a water carrier, but w ben iron pipe became
a' possibility, the curve of progress in efficiency of wood
pipe flattened out considerably. For some time the

metallic pipe held sway until market conditions and
other reasons again brought wood pipe into use. For
the last thirty years the curve of efficiency of use and
manufacture of wood pipe has gradually had an upward
trend, until to-day it is the equal of any other pipe, under
suitable conditions, of course. Wood pipe is not suited

6p\»t

SpWt

Fig. 1.

to all uses, and will not always be economical in places

where iron, concrete or vitrified clay pipe could be used.

.\ssuming that the pipe has been properly manufac-

tured, and that it is being put to use under favorable

conditions, then the method of laying it becomes of prime

importance. Wood pipe, that is, the stock sizes, whicli

are manufactured ready to lay, and not only in staves

to be bound together, is one of the simplest and easiest

forms of pipe to lay. It requires no caulking or the use

of any other material in making the joint absolutely

watertight.

Pipe which has been well finished and not damaged
in transit and has been kept dry can be easily driven

by a plug and dolley. If the pipe has been manufactured
with ends oversize, and sometimes this is done in order

to protect the ends during shipment to the job, then it

is only necessary lo use a rasp or paring-knife to pre-

pare the ends for dri\ing. Each individual joint should
be tried before preparing the ends, as the pipes are very

seldom uniform throughout. The wood in one pipe may
be dried a little more than the wood in the next pipe,

or the cellular texture of two adjoining pipes mav be
different, necessitating different degree in preparation
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of the ends. Axle grease or tallow, when used in mod-
eration, may be smeared on the spigot ends to aid in

driving the pipes together. The grease will not reduce
the efficiency of the joints, and will help in preventing
splinters from turning back, and thus causing leaks.

The inspector on the work mu>t look carefully for

split or broomed ends of pipe, as even a small splinter

turned back in driving the pipes together will cause
leakage. The section of a joint shown in Fig. I. [a)

illustrates this. Splits may be forced in by driving and
form very large leaks. In Fig. i (h) and (c) is shown
two forms of splits which are often caused by the pipe

being roughly handled in transporting. In case (h) the

split portion is likely to be forced inward by driving and
by the expansion of the wood in the pipe when it becomes
damp. Such a leak may not show in a short test, but

will develop with use. .\ leak formed by such a split

is likely to run back into the pipe for several feet. The
asphalt coating will be blown off if any great pressure

is put on the pipe. In case (c) the split is not likely to

affect the watertightness of the pipe, as when the collar

or bell is driven over it, it will force the pieces together

and prevent leakage. For small heads such a defect

should not cull the pipe, but for heavy pressures it, of

course, is not as desirable as solid pipe. Where splits

such as these occur it is w-ell to cut off the damaged end

of the pipe and re-form the spigot. This is done by

clinching a staple over the wire back of the injured part.

The wire is then cut and unwrapped from the pipe,

leaving the wood ready to be sawn. The end is then

pared off and filed to the proper size.

The method of driving the pipes together is by means
of a plug and dolley. The plug is a piece of hardwood,
about 18 inches long, with iron bands shrunk on each

end to prevent splitting and swelling in wet work. The
dollej' is made of a fir or tamarack railroad tie, about

4 feet long, and should have iron rings shrunk on the

battering end to prevent brooming. The apparatus is

illustrated in Fig. 2. The dolley is suspended from a

wooden horse or frame placed across the ditch. The
plug, which is inserted in the pipe to be driven, is bat-

tered by the dolley, which is pulled backward and for-

ward by several men. Usually one man stands ahead

in the ditch and pulls the dolley back after each blow.

One or two men stand on the pipe while battering the

plug with the dolley. One man on top regulates the

length of the suspending rope or chain.

This method is very effective, and great speed is

possible when the pipe-laying gang have been trained

to the work. On an 8-foot ditch 1,629 ^^^^ of pipe were
laid in a day of 10 hours, the gang of eight men being

distributed as follows : One foreman ; one man part time

preparing pipe-ends, filing, greasing, etc., and part time
tamping earth around the finished line ; two men on
surface dropping pipe in the ditch ; three men in the ditch

driving pipe, and one man clearing out bottom of ditch

before the pipe-laying crew. It was necessary for the

whole crew to go back to help with the tamping a

couple of times. The ditch was in exceptionally good
ground, and had been dug by an Austin trenching
machine. .Averse to this record should be placed
another, in which twelve men in 10 hours laid only 61
feet of pipe. This was over ground that had to be hand-
dug, as it was yellow clay, and the machine was so heavy
that the sides caved in as soon as dug out, necessitating
close sheathing. It would have been easier to handle if

the machine had rot started at all in this kind of ground.

.A fairer average for wet trench, which had to be partly
mucked out and stones removed, is 360 feet laid by five

men in 10 hours. The above data are from the records
of an 8-inch wood pipe line laid in Southern Saskatchewan
by the J. A. Broley Contracting Company for the Cana-
dian Pacific Railway Company.

Before backfilling the pipe should be well surrounded
by earth, being well tamped in place. This will prevent
the pipe from shifting its alignment, and will to some
extent preclude the possibility of stones working their
way down to the pipe. Backfilling is usually done with
a team and Fresno or buck scraper. A new backfilling
machine has been put on the market by the .Austin com-
pany which should help considerably in the work.

If the pipe is subject to shocks due to valves or
gates, or is on a pressure line which is subject to the
throb of pumping, great care must be exercised to pre-
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i The Engineer's Library I

E Any book reviewed in fhese columns may be obtained through the Book Department of =

= The Canadian Engineer, 62 Church Street, Toronto. =
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C O N T H N T S. Dictionary of Altitudes in the Dominion of Canada. -

Book Reviews: By JaniCb \\ liitc, F.K.S.C, I'.R.G.S., IXputy
Winiii,' Houses tin the Kli-ctric LiRht. Schneider. .

4yo
Il't-ad and assistant to chairman Commission of

Oxy-Acetylene\Veldintr and Cutting, fc-lectr.c and
Conservation. Published bv the Commission.

Thermit Welding. Manlv 49° „ , ,. . V • 11
Dictionary of .Altitudes in the Dominion of Can- Second edition. 251 pages, 6x9 ins., cloth.

D ,

"'^'•j ^"^'"^
T- ;",;-;';"•" D x

'*^° The second edition of this work, in which the eleva-
Pole and Tower Lines for Electric rower 1 rans- . , , , , , , , , , 1 ,

mission Coombs 490 tions have been thoroughly checked and brought up to

The Caisson as a \ew Element in Concrete Dam date. The dictionary has also been considerably enlarged.

Construction. Aichel 49' The book is supplementary to "Altitudes in Canada"
The MetalWraphy and Heat Treatment of Iron and

^ ^^^ ^3^^ author, and the information contained therein
Steel. Sauveur 491 .

^ . ' , ... ..u ^ • <• \ i^-» j„.
Oil Fuel Equipment for Locomotives and Principles '» more conveniently arranged than that in Altitudes

of Application, (iibbings 491 in Canada." \\'ith this arrangement it is only necessary

Proceedings of the .Aimerican Electric Railway Engi- to know the province in which a certain station is located
neering Association, 1915 49^ ;„ order to find its elevation. The station names are

Oains and Weirs. Bligh 492 j i 1 l .• n r u j ^ •.„,,.

Publications Received 492
arranged alphabetically for each province and territory

.

Catalogues Received 492 Latitudes and longitudes of the points are also given for

: — soine of the provinces. For a quick reference book of

elevations its value is apparent.

BOOK REVIEWS.
Pole and Tower Lines for Electric Power Transmission.

Wiring Houses for the Electric Light, together with —By R. D. Coombs, C.ii. Published by McGraw-
special references to low-voltage battery systems. . Hill' Book Co. 272 pages, 6x9 ins., 162 illustra-

By Xorman H. Schneider. Published by Spon tions and 30 tables, cloth. Price $2.50. Reviewed
& Chamberlain, New York. Second edition, re- hy J. H. 'Mackay, Engineer, Toronto Power Co.
vised and enlarged. 112 pages, sxv ins., cloth, .' il^j- ^ui^jj
... , , n •

f a
y

J
4

>

jj ,j. ^vorthv of remark that, during the last decade,
illustrated. Price, SS cents. . , ,

' , , ,. , • 1 ...
•

. , J, , r .• I
• r .• r .1 1

since the advent of long-distance, high-tension trans-
A handbook of practical information tor those who .. ^ , . , ° , ,, r
u . ^ ^^ .u • I- 1 .• 1 . -ru u T J 1

mission of electncal energy, there have been very tew
wish to install their own lighting plants. Ihe book deals , , ,. . , \ , ., .,, ^i '

, , ,^ ^
SSI-

^ -^ J , worthy publications brought out (other than the pro-
with low-voltage systems as the one most suited to house- j- '

c 1 ^ t t- r- \ 1 1 i ^ -..i ^i
I ij 17 »i. u L 1 1 u f J • .!.• ceedings of the .A.LE.E.) that have kept pace with the
hold use. ror the man who has a hobby for doing things .

, , , , , r •

^ ,, , .^u I 1 u ij . '• 1 ifi rapid advancement in this branch of engineerin<;. par-
about the house the book should contain some valuable . ', , . . •.., ,1 j • j
. , . . . ticularlv in connection with the design and construction
information on wiring. , , ..,..,, ^

of the transmission line itself.

rk . i I n- II. ., , /^ xx- ^ T-, .L
• .... Here, in .\merica, existing conditions are such that

Oxy-Acetvlene Welding and Cuttmg, Electric and Then- , r , ? , a u ^ tu^
•: nr ,.. ^ n ,, ,, ^ , , , ^, . , r- 3 continuitv of service must be maintained between the

nut Welding.—By Harold P. ^L^nlv, Chief En- ,- ,^, i.r, .jjr -i^-
,

" . . _ ^
'

. . source of energy and the market, often hundreds ot miles
gineer the American Bureau ot Engineering. . , ., ., j r i ^ -.» jSufuju r-j-,TT^, o^ ^, • apart, and the thousands of horse-power transmitted
Published bv Frederick T. Drake & Co., Chicago. v . i. ^i • f ^i e f„,..

, ,^ . •" .„ , -r, . , ", necessitate voltages greatly in excess of those of a tew
• 216 pages, 41, X7 ins., illustrated. Price cloth, j • ? ^ ^ ..u .-u » ^„,.
e . ? , ^ '_ ' years ago, and, in fact, greater than the present-day

"' requirements of the more thickly-populated countries of

The author states in the preface that his object in ^fiddle Europe. This fact, combined with the widely
preparing the book has been to cover not only the several different character of the territory passed through, and
processes of welding, but also those other processes the great range of temperature often to be considered
whose methods are so closely allied as to make them a along with other climatic conditions, has called forth

part of the whole subject of joining metal to metal with the best efforts of our engineers in this connection to

the aid of heat. design and construct transmission lines that will success-
The book commences by describing the \ arious fully fulfil the requirements of our own continent,

metals, their properties and uses. Then the production The book by R. D. Coombs, C.E., "Pole and Tower
and handling of gases and other materials and the use Lines for Electric Power Transmission" (just issued),

of tools and accessories is taken up. The use of the has been written from the standpoint of .\merican prac-

gases in connection w-ith welding and cutting is then tice, and in a short re^icw of same the foUow-ing corn-

explained, along with some very practical instructions ments are offered :

—

for the proper handling of work of this nature. The The subject matter of the volume, covering some
instructions are very easily understood and are placed fourteen chapters is suitably arranged under proper

in the order in which they would occur in actual prac- headings, the discussions interesting, and the data com-
tice. To those w'ho are engaged in this trade the book piled in a clear, concise and readable manner. As the

will be found to be of great practical value. It is of author states, his object is more to give the reader a

a handy size, well bound, and the information is readily clearer perception of the application of the law-s of

accessible without wading through a mass of unneces- mechanics as applied to the case in hand than to deal

sary reading matter. wmIIi purely electrical problems.
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The design of the supporting structures or towers,

along with the construction methods and various ma-
terials employed in connection with many of the American
transmission lines, are described at some length, and
the many tables and computations incorporated in these

chapters are valuable.

Tables are contained in Chapter 6 which are of in-

terest and value to the engineer, and, in fact, to anyone
interested or connected with the transmission of elec-

trical energy these tables, giving all the principal data

relative to the higher voltage lines throughout the world.

There is a slight error in two places in Table 28a, giving

the gauge of the Toronto Power Co. 's copper conductors

as 198,000 CM., which, to be correct, should read

190,000 CM., but before the next edition of the book
goes to press this small error may be corrected.

The chapters devoted to wooden poles, concrete

poles, steel poles and towers and special structures are

all creditable, giving, as they do, all the most approved

methods of present-day construction along these lines.

In connection with the use of wooden poles, the various

methods of impregnation or preservative treatment are

described, the relative values of the pressure, open-tank

and brush treatments being discussed.

Foundation work receives due consideration, the

chapter devoted to same being replete with illustrations

showing the most approved practice in this connection ;

and again, the chapter on erection and costs, and on

general specifications, is creditable.

From an operating standpoint the question of in-

sulators is of vita] importance, and the relative values

of the suspension and pin-types receives consideration.

During the past year some of the larger American

companies have introduced some radical changes in the

mechanical design of pin-type insulators for higher volt-

ages, and these, we trust, will eliminate, to some extent,

the defects that have developed in the past. However,

the practical limit of the pin-type, as at present developed,

is in the neighborh(X)d of 85,000 volts, as, beyond this

voltage, the leverage, caused by the excessive length of

pin required, becomes too great, the small amount of

porcelain separating pin and conductor solicits puncture,

and the weight and manufacturing cost become exces-

sive; therefore, for transmission lines to be operated

above 85,000 volts, the suspension type is as yet the only

solution of the insulator problem.

In conclusion, it may be said that Mr. Coombs has

covered the field in a manner creditable to any writer,

and is to be complimented on the arrangement of his

subject matter and the general excellence of the photo-

graphs selected with which to illustrate his book.

The Caisson as a New Element in Concrete Dam Con-

struction.—A proposal made in connection with

the Columbia River Power Project. By O. G.

.A.ichel. Published by Spon & Chamberlain, New
York. 32 pages, 10x7 ins, paper, six folding

plates. Price, $1.00 net.

An essay describing a proposed scheme of construc-

tion of a concrete and steel arch dam on the Columbia
River, near The Dalles, Oregon. The proposal presents

some novel features, the erection of a caisson in tunnel

under the river-bed and its subsequent raising being a

new method for carrying out work of this nature. The
author has eliminated any preliminary studies as to the

reasons for adopting the scheme. The proposed method
of construction is given with much detail, the work being

divided up into five periods of construction as follows:
shaft-sinking and tunnelling ; erection of caisson and
building of base of dam ; excavation of main tunnel
chamber; blasting of the roof of the main tunnel cham-
ber; lifting of the caisson and building up of the dam.
The essay should be of interest and value to those en-
gaged in the design and construction of large dams.

The Metallography and Heat Treatment of Iron and Steel.
By .Albert .Sauveur, Professor of Metallurgy and
Metallography in Harvard University and the
Massachusetts Institute of Technology. Published
by Sauveur and Boylslon, Cambridge, Mass. 504
P^ges, 7J{ X 10I/2 ins., 438 illustrations, cloth.

Price, $6.00 net. (Reviewed by John B. Temple,
B.A.Sc, Toronto Iron Works.)

Three years ago the first edition of this educational
treatise appeared, and in order to keep abreast with this

^
fast-growing science the author now offers a revised
edition which has been almost entirely re-written and pre-
sents much new material.

This book will commend itself possibly more to the
student or the teacher than to the metallographist, as each
chapter is arranged somewhat after the style of a series

of lectures dealing with the subject from the ground up.
However, the metallographist or engineer who wishes to
brush up his knowledge of the subject will find much valu-
able information condensed in its pages.

The first three chapters deal entirely with the ap-
paratus and manipulation of same for the modern metallo-
graphic laboratory. The next two chapters have as their

chief object the explanation of the facts and theories re-

garding crystallization. The more serious work of the
book is continued from this point on.

We would possibly advise the reading of the last three

chapters first. These deal with the equilibrium diagram,
the phrase rule, and the nomenclature of microscopic con-
stituents. On account of their complexities, these discus-

sions have been left till the last, but on a clear under-
standing of these chapters (particularly the equilibrium

diagram) hinges the whole subject.

.\ noteworthy feature of the book is the many excel-

lent photomicrographic illustrations setting forth clearlv

the structures of iron and steel in their many forms.

Altogether, Mr. Sauveur presents an excellent, well-

balanced treatise and covers the subject verv thoroughlv.

Oil Fuel Equipment for Locomotives and Principles of

Application. By Alfred H. Gibbings, A.M.Inst.

CE. Published by Constable & Company, Ltd.,

London. 125 pages, 55-2 x 8'3 ins., 42 figures and
16 tables, cloth. Price, $2.00.

This book covers the principles of combustion as ap-

plied to oil-burning locomotives. The various methods of

burning oil fuel by steam jet ; compressed air jet, and
pressure jet systems are fully described and the advantages
and disadvantages of each are taken up. The pressure jet

system is enlarged upon in a whole chapter in which
several types are described. Burners, fire-boxes and
draughts are studied and their effect upon the efficiency of

operation is noted. The proper disposition of the ap-

paratus connected with a pressure jet system is shown,
and illustrated on a diagram. The author states that the

publication is intended chiefly for the use of locomotive
superintendents and others who have the control of rail-

way engines using oil as fuel.

The book deals with its subject in a clear and practical

manner and is to be recommended to railroad men and



492 THE CANADIAN ENGINEEB Volume 30.

olIuTs who arc inurcstcii in ilic widely increasing use of

oil as a lucl lor locoinolivis.

Proceedings of the American Electric Railway En-

gineering Association, 1915.—rublished by the

Association, E. B. Hurritt, secretary, 8 West 401)1

Street, New York. 623 pages, 6x9 ins., cloth,

166 illustrations.

These proceedings contain the complete report of the

thirteenth annual convention of the .Association, held in

San Francisco last October. The committee reports

include a widely diversified list of subjects. .Among them

are reports on many matters in which the results of

investigations carried on as to the proper foundations

for car tracks on paved streets arc shown. Other reports

are on Building and Structures ; Lightning Protection

;

Power Distribution; Block Signals; Equipment; Power

Generation, and Heavy Electric Traction. The last-named

report is largely given over to a study of modern electric

locomotives, and with it there are given 37 views and

plans of .American and foreign electric engines.

Dams and Weirs. By W. G. Bligh, Inspecting Engineer

of Irrigation Works, Department of Interior,

Canada. Published by American Technical Society,

Chicago. 206 pages, 122 figures, .5^2 x Sli ins.,

cloth. Price, $1.50. (Reviewed by Thos. H. Hogg,
Hydraulic Engineer, Ontario Hydro-Electric Com-
mission.

This little volume comprises an analytical and prac-

tical treatment of gravity dams and weirs, arch and

buttress dams, submerged weirs, and barrages. Each

different type of profile is given a careful analysis followed

by typical examples which are studied in relation to the

theory, showing the good and bad points of the design.

Perhaps one of the most valuable features of the book
is the interesting comments on actual work, based on

what the author's experience has shown to him to be

practical and based on good practice.

This brief but authoritative treatise should be well re-

ceived by those of the profession interested in the design

of dams and weirs.

PUBLICATIONS RECEIVED.

Railway Statistics.—Returns of the Canadian Rail-

way Companies for 1915.

Abstracts of Current Decisions on Mines and Mining.

—Bulletin No. 113 of the United States Bureau of Mines.

Hydro=Electric Power Commission of Ontario.—
Eighth annual report for year 191 5. 466 pages, illus-

trated.

Report of the Minister of Public Works for the

Province of Ontario, 1915. Illustrated report of work
done during the year. 1S6 pages.

Manufacture of Gasoline and Benzine=Toluene from

Petroleum and other Hydrocarbons.—Bulletin No. 114

of the United States Bureau of INIines.

Methods for the Determination of the Physical Pro=

perties of Road-Building Rock.—Bulletin No. 347 of

the United States Department of Agriculture.

Texada Island, B.C.—Memoir No. 58, by R. G.

McConnell, of the Geological .Survey of Canada. Pub-
lished by the Department of Mines. 112 pages, illus-

trated.

Relation of Mineral Composition and Rock Struc-

ture to the Physical Properties of Road Materials.—

Bulk-tin .No. 34.S of the United States Bureau ol Agri-

culture.

The Electrical Resistances and Temperature Co-

efficients of Nitkel'Copper-Chroniium Alloys.—By Fred-

erick M. Sebort. Published by the Rensselaer Poly-

technic Institute.

Report of the Minister of Lands, Forests and Mines.

—The report of operations of the Department of Lands,

Forests and Mines of the Province of Ontario for 1915.

90 pages, illustrated.

Geology of Cranbrook Map-Area, British Columbia.

—Memoir No. 76, by Stuart J. Schofield, of the Geo-

logical Survey of Canada. Published by the Department
of Mines. 246 pages, illustrated.

Contributions to Canadian Biology, being a report

of studios carried on at the biological stations of Canada
during 1914-15. Supplement to the fifth annual report

of the Department of Naval Service, Fisheries Branch.

172 pages, illustrated.

The Artesian Wells of Montreal.—.Memoir No. 72,

by C. L. Cumming, of the Geological Survey of Canada.
.A report of deep borings made and other investigations

of the subterranean waters in the vicinity of Montreal.

Published by the Department of Mines. 154 pages, illus-

trated.

CATALOGUES RECEIVED.

Permanent Concrete Roads.—.A pamphlet describing

and illustrating the various devices used for concrete

paving. Published by the Trussed Concrete Steel Com-
pany of Canada.

The Nordberg High Compression Two-Cycle Oil

Engine.—Bulletin describing the engine and its opera-

tion. Issued by the Nordberg Manufacturing Co., of

Mihvaukee, Wis., U.S. .A.

Imperial Asphalt.—.A 24-page and cover illustrated

booklet, distributed free by the Imperial Oil Co., Limited,

Toronto. It discusses various types of asphaltic road-

ways and streets, and gives directions for construction. .A

plan of the company's new- refinery at Montreal and 15

other illustrations are included. Printed in four colors.

Concrete Roads.—.A 38-page, illustrated booklet, dis-

tributed free by The Canada Cement Co., 782 Herald

Building, Montreal. It discusses, in a most interesting

manner, the need for good roads and the utility of con-

crete as a road material. There are thirty-seven illustra-

tions, and the general appearance of the booklet is at-

tractive. Specifications and construction pointers are

included. .A list of concrete lanes, streets and roads in

Canada totals 2,259,081 sq. yds., of which 682,414 sq.

yds. were laid in 1915, an increase of about 24 per cent,

over 1 91 4.

CANADIAN SOCIETY OF CIVIL ENGINEERS.

At a meeting of the Society held mi April 13th an

informal talk on the ditflculties experienced in building

the Panama Canal was given by John Murphy, chairman
of the Ottawa Bran<ii. The talk was illustrated with

slides.

Col. .Snyder drew- diagrams explaining in an interest-

ing manner the preparation of niilitarv maps.
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CALGARY ENGINHERS SETTLE DISPUTE.

Certain action recently taken by the Calgary Branch

of the Canadian Society of Civil Engineers, and approved

of by the Council of the Society, deserves special publicity

as illustrating one of the many ways in which such a

society serves the interests of the engineering profession

as well as of the public in general.

G. W. Craig, city engineer of Calgary, Alta., had

been seriously criticized in regard to a reinforced concrete

arch bridge over the Bow River. The city council had

ordered the Board of Commissioners to investigate the

charges, and the citizens of Calgary believed, as a result

of the discussion, that the safety of the bridge, which was
under construction, was endangered. The controversy

was very technical, and the public could not judge of its

merits.

At that stage the Calgar}- Branch held a general

meeting and passed a resolution offering the gratuitous

services of the branch in determining the technical ques-

tions involved. The city accepted the offer, and the branch

named a committee of three of its prominent members,
who were independent of all civic politics. The report of

the committee, stating that they could "find no reason

for the charges, and are unable to understand why they

should ever have been made," was adopted by the city

council, and the city engineer was thus fully exonerated.

"Mr. Craig," says the committee, "showed a very

complete knowledge of the general questions of the de-

sign and of the history of the particular questions in

controversy."

Mr. Greene, the city's bridge engineer, and Mr. Field,

the city chemist, were examined. The committee then
visited the work, where various employees were ques-

tioned, and a visit was paid to the city laboratory, Vk'here

samples of steel were tested, and the equipment at the

laboratory and methods of tests were noted.

The charges that had been made in connection with

the bridge were as follows :

—

(i) The use of unsuitable steel in a portion of the

structure, and extravagance in cost of testing the same.

{2) Neglect or carelessness in not carrying the

foundations of the north retaining wall or abutment to

rock.

(3) Failure on the part of the engineering depart-

ment to submit the design to a consulting engineer for

endorsement, "it having always been understood that

such a course woul3 be followed."

(4) Purchase of unsuitable cable at a higher price

than suitable cable could have been bought for.

In regard to the testing of the steel, the committee
"cannot see how any private firm could make the neces-
sary tests and inspection any cheaper than the city has
done in this case." The committee's report goes verv
fully into the character of the material used in the bridge
and deals with the questions of physical tests, specifica-

tions for steel, re-rolled steel, process of manufacture,
significance of tests, and so on. In regard to the use of
re-rolled steel, the report says :

—

"It has been used as reinforcement in the construc-
tion of the retainLng wall which forms a part of the north

abutment. It has also been used, or is contemplated, as

dowels to furnish a bond between successive pourings of

concrete in the river piers and springings. It was also

used, or contemplated, in the curtain walls of the main
piers and pylons of the river arches, and as carriers or
spacing rods in various other parts of the work. With
the exception of the retaining walls, the function of the

steel is arljitrary, and the material is subject to no definite

stresses. In the pylons, the curtain walls are a mere archi-

tectural effect and have no structural functions. The steel

is used merely to prevent unsightly cracks due to tem-
perature and shrinkage stresses, and its section is in most
cases far in excess of possible requirements."

In regard to carrying the foundations of the north
retaining wall or abutment to rock, the committee "are of

the opinion that the wall is reasonably safe against failure,

and that the additional expenditure necessary to carry this

wall to rock would not be justified by the returns."

The stresses in the retaining walls were checked, and
the possibility of failure investigated. The calculated
loads are moderate, and the methods of calculation
adopted are conservative. The committee are of the
opinion that failure from any of the causes mentioned in

the charges is a very remote possibility.

.\s to the submission of the design to a consulting
engineer, the committee found that there was no common
understanding to that effect. ".\s to the advisability of
such a course," says the report, "the decision must be
made by the parties who pay for the work. In general,
when a proposed structure departs widely from well-

established precedents, or the designer has not had the
necessary progressive experience in the design of
structures of such magnitude or importance, it is usually
considered wise to employ an outside opinion to check
over the design, or to pass on some particular feature of
the construction. \\'hen the structure is well within pre-
cedent as well as the experience of its designer, the ex-
pense of a consulting opinion may not be justified. It

might be remarked at this point that no consulting en-
gineer whose opinion would carry any weight, would
guarantee the safety of a structure any more than a
counsel would guarantee the result of a suit at law, or a
surgeon the result of a major operation. The decision as
to the employment of a consulting engineer does not and
should not rest on the designing or executive engineer.
It is his duty in certain cases to suggest an outside opinion
and in others to point out to his employers or clients, on
request, the facts which may or may not justify the ex-
pense of such an opinion, but it is seldom his duty to

insist on it."

The responsibility for the purchase of the cable was
assumed by the city commissioners, and the opinion of the
Calgary Branch on this matter was not required.

The Canadian Engineer has had the opportunity of
perusing the voluminous details of the case, as brought
out by the committee, and it can be readily seen that they
undoubtedly represent a great deal of painstaking work.
The Calgary Branch are to be congratulated upon their

initiative. The unselfishness of their action is proven by
the fact that Mr. Craig is not a member of the Canadian
Societv of Civil Engineers.
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PERSONAL, OBITUARY'.

C. L. CMBBS, archiUft, ol HdmoiUon, lias enlistici

with the University of Alberta Company.

A. H. HKOWN has resigned as manager of the

Hudson Bay Mines, Limited, Porcupine, Ont.

JOHN H. KILMER, A.M.Can.Soc.C.E., has been

appointed city engineer and inspector of waterworks con-

struction at Port Moody, B.C.

LUCIUS C. ALLEN, consulting engineer, Belleville,

Ont., announces the removal of his office to the new Bank

of Commerce Building in that city.

CHARLES P. LIGHT, who for some years has been

field secretary of the-.-\merican Highway .'Association, has

resigned to enter the business of life insurance.

GEO. D. MACKIE, city engineer of Moose Jaw,

Sask., has been appointed a member of the Royal Com-

mission to investigate the Saskatchewan Highw-ays

Department.

W. D. M.^CKAY. NORMAN E. LVCHE, M. H.

RAMSAY and FRANCIS B. MONTEITH have qualified

for commissions as B.C. Land Surveyors at the April

examinations.

H. K. WICKSTEED, M.Can.Soc.C.E., chief en-

gineer of surveys, Mackenzie, Mann & Company, Limited,

has been in Venezuela in connection with a coal mining

and raihvay proposition.

W. J. RENIN, district master mechanic at Revel-

stoke, B.C., and who was formerly shop foreman of the

C.P.R. at Moose Jaw, Sask., has been promoted to the

position of divisional master mechanic at Moose Jaw.

HENRY H.A.RVIE has resigned from his position as

designing engineer for the Rochester Railroad & Light

Company to become chief draftsman for the hydraulic de-

partment of the Hydro-Electric Power Commission of

Ontario, with headquarters at Toronto.

ROBERT McKILLOP, who was appointed superin-

tendent of District No. 2, .Atlantic Division at Woodstock,

N.B., has been in the service of the C.P.R. since 1905.

.Mr. McKillop held the post of assistant engineer and chief

draftsman of the engineering department at Montreal

until February, 191 5, when he was appointed division en-

gineer of the eastern division.

Lieut.-CoL J. A. HESKETH, M.Can.Soc.C.E., for-

merly Assistant engineer, C.P.R., Winnipeg, and District

Intelligence Officer and Officer Commanding the Corps of

Guides, with headquarters at Winnipeg, who went over-

seas with the Canadian Expeditionary Force shortly after

war broke out, and who is now in Strathcona's Horse,

was married in England, March 14, while on leave from

the front, to the widow of J. E. Schwitzer, who, when he

died in 191 1, was chief engineer, C.P.R., Montreal.

Major A. G. L. McNAUGHTON, of Montreal, has

been appointed to a command, according to a London
cable. Major McNaughton, who was seriously wounded
at Ypres, was in practice as an electrical engineer in

' 'ontreal before joining the overseas forces. He graduated

rrom McGill University, where he w-as for some time a

demonstrator in the electrical course. At the battle of

Langemarck, despite a serious wound in the arm, he

stayed with his battery for tw-elve hours and directed its

operations. He had two orderlies hold his maps in front

of him, and he kept two telephones going in despatching

orders.

SIR COLIN CAMI'HlM.l. SCOIT-MONC RI ItFF,

well known as an authority on irrigation, died in Ujndon,

England, April 6, at the age of 80. He was the creator

of the present system of irrigation in British India, where

the canals aggregate, in extent, the circumference of the

globe, and he also inaugurated a similar system in Egypt.

Since these works, which took almost half a century to

complete, he has been consulted in irrigation proje<;ts by

the Turkish, German, and Russian governments, and was
largely responsible for the idea carried out by Russia in

the river regulation and canal construction of its trans-

caspian and central Asian possessions.

SCHOOL OF MINING BECOMES A FACULTY OF
QUEEN'S UNIVERSITY.

The School of Mining at Kingston, Ont., has been

amalgamated with Queen's University and will be con-

ducted as a regular faculty of the university, under the

direction of the trustees. .At the final meeting of the

shareholders and board of governors of the school some
of the members w-ere elected trustees of the university.

^iiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiii/iu

I COAST TO COAST |
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Ottawa, Ont.—J. D. McArthur, promoter and builder

of the Edmonton, Dunvcgan and Peace River Railway, is

in the capital urging on the government that the usual

federal subsidy of 86,400 per mile be granted his enter-

prise. Mr. Mc.Xrthur pointed out that the road was
necessary to the development of the country and the cost

had been greater owing to the number of bridges required.

Toronto, Ont.—The Ontario Government plans to de-

vote several million dollars to the development of New
Ontario. Intimation to this effect was made in the Legis-

lature by Hon. Edward Ferguson, Minister of Land,

Forests and Mines. The government expects to make
arrangements whereby it will loan settlers money for

development purposes.

Edmonton, Alta.—.'\n experimental sewage disposal

plant which will treat part of the city's sewage by the

activated sludge system has been completed at a cost of

$50,000.

St. JoBn, N.B.—At a meeting of the Board of Trade
a strong vote in favor of the Valley Railroad entering the

city by the original east side route was recorded.

Montreal, P.Q.—The Montreal and Southern Counties
Railway has been completed to the tow'n of Granby.
Traffic will open on April 29.

Quebec, Que.—The new C.P.R. Union Station at the

Palais is nearly completed, and it is expected that the

various freight, ticket and steamship offices of the com-
panv will be installed in the new' quarters earlv in May.

Ottawa, Ont.—The chief provision of the bill recently

introduced to amend the Railway Act is one giving to the

railway board the power to fix the general location of a

railway line as well as the right to sav whether or not it

is in the public interest that it should be constructed.
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THE ROLLING AND FLOATING STEEL CAISSONS OF THE
LEVIS DRY DOCK AT LAUZON, P.Q.*

Part I.

A DETAILED DESCRIPTION OF THE DESIGN, FABRICA-
TION AND ERECTION OF THE ROLLING CAISSON.

By LESSLIE R. THOMSON, B.A.Sc, A.M. Can.Soc.C.E., Assoc.M.Am.Soc.C.E.,
Engineering Staff, Dominion Bridge Co.

SEX'ER.'VL features in connection with the new
government dry dock at Levis, P-Q-, are very

interesting, presenting as they do some rather

unique ideas relative to marine work. In this paper,

which has been read before the Canadian Society of Civil

Engineers, it is the intention to describe only the caissons

or gates, although it will be difficult not to stray from this

object in attempting to make certain parts the clearer.

The problem which presents itself at the mouth of a

graving dock is familiar to the engineering profession.

Whatever device is used to close the entrance, must be

capable of being swung in or out expeditiously, be able to

withstand the hydrostatic load when the berth is un-

watered,' and also allow the sea water to enter through it

when the berth is filling. By this means the dry dock is

very quickly filled and a great deal of time is saved. The
problem is seen at once to be very similar to that occur-

ring at a canal lock, and it is owing to this similarity that

so many of the early graving docks and even some later

examples were equipped with mitred gates. There are,

however, certain disadvantages connected with the use of

mitred gates, such as the length of wall absorbed in hous-

ing them when the berth is open, and the absence of a

communicating bridge for wheeled traffic when the berth

is closed. The use of a rolling caisson, on the other hand,

involves neither of these disadvantages, for it is housed

in a recess lying transversely to the berth and a communi-
cating passageway is always provided along the top as

its width easilv admits the economical construction of a

folding bridge of some type.

The cost of either type of caisson will usually exceed

thai of a pair of mitred gates, but is, on the other hand,

less'than a pair of gates plus a small swing bridge.

The relative suitability of these various schemes to

close dock entrances has been summed up by Mr. W. G.

Wales in Proc. Inst. C.E., Vol. cxxii., as follows:—

•

"In conclusion, ship-caissons are adapted for dry

docks, and for locks and entrances in sheltered and non-

tidal positions ; sliding caissons for locks and entrances

in tidal and sheltered positions ; and dock gates for en-

trances in exposed positions and for commercial docks."
The layout of the new dry dock is shown in Fig. i.

The main dimensions of the berth are: Length, 1,150

*Extract of a paper read before a meeting of the Mechani-
cal Section of the Canadian Society of Civil Engineers at

Montreal, March 30th, 1916.

feet; width at top, 144 feet; clearance vi'idth at rolling

caisson sills, 120 feet; depth of water over sills at mean
water level, 25 feet ; at extreme high-water spring tides,

50 feet.

At about mid-point of the berth will be noted the

bearing sills lettered ",C. " These are the sills for the

floating caisson and are to be used when it is desired to

dock vessels less than 650 feet long. Owing to this

arrangement it is not necessary to unwater the whole dock
for small vessels. Near the outer extremity are seen the

sills for the rolling caisson and its recess chamber, while

still further out may be seen a pair of bearing sills lettered

"A." These are duplicates of those at "C," being

moulded to exactly fit the floating caisson. Hence the

floating caisson inay be used to close either half or the

whole of the berth. In the latter capacity it may serve,

too, as an emergency gate during a breakdown of the

rolling caisson or any part of the interior of the dock,

allowing the berth to remain unwatered during all repairs.

Consequently, by reason of this layout, two caissons—one
rolling and one floating—are able to close one-half or the

whole of the berth, as desired, and also supply an
emergency gate when necessary. This is a distinctly

economical arrangement.

The large dimensions of these caissons are a little

difficult to realize inasmuch as the gates are among the

largest of their kind in the world. The floating caisson is

larger than that at the new Ferrol Yard, Spain, and also

longer than the one for the Panama Canal, though not

quite so deep. Hence, with a dock length of 1,150 feet

and a width of 120 feet there is no danger but that the

largest boats that are even contemplated at present, may
be berthed with ease at the new Levis graving dock.

In designing the rolling caisson it was necessary to

take into consideration the severe climatic conditions to

which it would be subjected. The caisson itself consists

of a fabricated steel gate 123 feet long, 19 feet 3 inches

broad and 46 feet deep. .\11 elevations of this gate are

rectangular, and all horizontal sections are trapezoids and
similar in outline. The hydrostatic loads are carried to

the vertical ends by means of two trusses and one plate

girder, and a small proportion to the bottom sill by the

skin stiffeners running between the lower truss and the

bottom. It is important to grasp at the outset that the

water loads are taken first bv skin plates to stiffeners or

ribs, and thence to two horizontal trusses and a girder;
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and it is theso laltcr liiai an- carryini; Ihc real loads of

the caisson.

Tile girder serves to divide tlie interior into two
water-tight cxjmpartments, the upper one to be described

as the tidal chamix^r and the lower one to be known as the

ballast chamber. This division is placed at a height of 23
feet b inches above the bottom of the caisson, and marks
the approximate load water line of the gate. Conse-
quent 1)-, under normal conditions the large weight on the

rollers is greatly relieved by the buoyancy, and the power
necessary for rolling the gate is thus materially reduced.

As the tide rises above this 23-foot line, it is allowed free

access to the tidal chamber, and in

this way the complete flotation of

the gate is prevented by the auto-

matic introduction of the requisite

amount of water ballast. The fore-

going is the operation during the

summer. In the winter no water is

allowed in the tidal chamber, but

the ballast chamber is completely

f^oixied and the enclosed water,

heated by steam, serves to counter-

act the buovancv of the caisson.

Fig. 1.^

—

Layout of Dry Dock.

The gate is operated by means of flexible cables

fastened to each end of a large yoke attached to the inner

end of the caisson, which during its longitudinal move-
ment travels on two lines of steel rollers set in the floor

of the berth at about 8-foot centres. These rollers bear
upon two steel rails on the bottom of the gate, each rail

being 6-inch x 9-inch sections of solid medium hard steel,

in lengths of about 15 feet. The seal is accomplished by
the hydrostatic pressure forcing the caisson against the

sills, the actual bearing pieces being 7-inch x 18-inch

white oak strips on vertical edges, and 7-inch x 12-inch

white oak strips on the horizontal or bottom line.

The skin plates are ^^ inch on the bottom and sides
to the height of about two-thirds of the caisson, when '/i-

inch plate was used. All horizontal scams are single lap
joints, all vertical seams are butt joints (D.R.). The
vertical skin plates are stiffened by short I-beams and
angles placed at 2-foot lo-inch centres, running between
bottom and truss A, truss A and girder, girder and truss
B, and truss B and top.

The vertical sway bracing is placed between the
trusses and the girder, and between truss A and the
bottom at every panel point (17-foot centres) except at the
top where it is placed at 8-foot 6-inch centres. Each
member consists of two 6-inch x 4-inch x >^-inch angles

with gussets between for connection to
the main material.

The horizontal lateral bracing is placed
at the top of the caisson only, at the level

of the operating sidewalk. It is designed
to provide rigidity against any racking
effect that might result from one corner
coming into violent contact with the sill.

\t the top of the caisson is a folding

bridge designed to carry traffic between
the two sides of the berth when the

caisson is in place, but so arranged that

when the caisson is in its recess the bridge

is completely folded underneath the roof

of the chamber. The operation of this

bridge is. automatic.

Connection at all times between the ballast chamber
and the atmosphere is maintained by means of two oval

manholes, each large enough to permit one of the main
42-inch valves being lifted through it to the outside air.

Each of them is provided with a ladder inside and thus

affords access for inspection, etc.

Running from face to face of caisson are six 42-inch

diameter filling culverts controlled by 42-inch gate valves

whose stems are taken up to the operating level and there

actuated mechanically by a horizontal countershaft, motor
driven. There are, also, hand-operated valves for filling

and draining the tidal chamber, ballast chamber, etc.

The rolling caisson was designed primarily by Eugene
Lafleur, chief engineer of the Department of Public

Works. The design proposed, however, was only ten-

tative and the tenderers were given the privilege to submit

their own designs. The successful bidders were Messrs.

M. P. and J. T. Davis, who turned the work over, to the

Dominion Bridge Company. A unit stress of 12,000 lbs.

per square inch was adopted for the structural steel work.

This low stress was in order to take care of any uncer-

tainties as to loading or unavoidable eccentricities.

The loading of the whole gate was assumed, of

course, triangular with a unit pressure on the bottom of

2,840 lbs. per square foot, corresponding to a head of 45
feet 6 inches of water. The centres of truss A, the girder

and truss B were fixed as 12 feet 6 inches, 11 feet, 10

feet and 12 feet, and on reference to Fig. 2 these are

seen. The water pressure of each main division was
assumed to act through its own C. of G. and the position

of this point determined the proportion that was distri-

buted to each truss or girder. The only point about which
any interest might centre is the loading of truss B. It

would clearly take its due proportion of W-3 and, owing
to the absence of any support at the top of the gate, all

of W-4. In addition to these quantities, however, there

is an overturning effect due to W-4 that must be resisted.

The location of \V-4 is 4 feet above truss B ; hence, bend-
ing moment is 4,500 x 4 = 18,000 lbs. per lineal foot. If
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this moment be taken up entirely between truss B and the

girder (and this is the assumption that places the heaviest

load on B), the extra load on the truss is 18,000 -f 10 =
1,800 lbs. per lineal foot. The direct load described above

^ Trttis 'b'i

^ OiFder ^
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Fig. 2.—Hydrostatic Loading Against Rolling Caisson.

is 9,280 lbs. per lineal foot. Therefore, total load on truss

is 11,080 lbs. per lineal foot.

The load on truss A is 24,600 lbs. per lineal foot. As
mentioned previously, the unit stress specified was 12,000

lbs. per square inch, and this was interpreted by all

parties to mean 12,000 lbs. per square inch tension and
the same for compression, unless the Dominion Govern-
ment Specifications "08 formulae would give less when

reduced for— ratio.
r

In summer, the compression chord of truss A would
carry the water load between panel points and in winter

the tension chord would do the same with, of course, a

much smaller head. Owing to the full splicing of the

chords the maximum bending moment assumed in them,

due to flexure, was i/io tc V. Preliminary calculations

were made on two or three sections of both the compres-
sion and tension chords, and average values for extreme
flexural fibre stress were assumed in order to fix the exact

sections. The average amount deducted from the com-
pression chord, including end post, was 3,200 lbs. per

square inch. The — ratio for all these sections was so
r

small that no reduction of the 12,000 lbs. became necessary.

In the design of truss A ver>' little need be mentioned
except the large sizes of the members and gussets. The
chords of this truss are the largest simple truss chords

that have ever been built by the Dominion Bridge Com-
pany—attention being called to the fact that the gross

area of the tension chord in truss .\ is 342 square inches.

The magnitude of this may be realized when one recalls

the fact that the cross-sectional area of the centre chord
of one of the big Lachine trusses is 302 square inches and
that of the lower chord of the St. John arch is 347.5 square

inches. In the detailing, every precaution was taken to

see that the rivets were capable of developing in each

group the requisite amount of stress. The value assumed

for rivets stressed in two directions simultaneously was
adjusted accordingly.

The horizontal load on the girder is 14,600 lbs. per

lineal foot and nothing has been taken from this figure to

allow for the negative loading induced in it by the over-

turning effect of the upper water. The girder is stiffened

underneath by 24-inch (« 80 lbs. I's in order to carry the

load of tidal chamber when full of water. The cover plates

are run far enough beyond their theoretical length to take

up their value.

Owing to the magnitude of the loads and to the diffi-

culty of developing the full stress in those portions of the

cover plates and skin plates that act as flanges, it became
essential to use i-inch diameter rivets in all main connec-

tions of truss A and the girder.

The load on the upper truss B, as mentioned before,

equals 11,080 lbs. per lineal foot, and in this truss no diffi-

culty was experienced with the capacity of the rivets,

hence J^-inch diameter rivets were employed. .\s in truss

A, the working stresses used in the main chords and end
post were reduced for flexure by the following amounts

:

Compression chords, 3,400 lbs. per square inch ; end post,

3,000 lbs. per square inch; tension chord, 3,100 lbs. per

square inch.

The distribution of the loads bearing on the vertical

sides became at once not only very important but also one
of the most difficult problems met in the design of the

whole gate. The reactions were: Truss .A, 1,512,000 lbs;

girder, 900,000 lbs. ; truss B, 680,000 lbs. The reaction

of truss A, if spread over a length of 1 1-75 feet (I2 of 11 -f

yi of 12.5 = 11.75 f^st its o^"^" proportion) and a width
of 18 inches would give an average concentration of about

18 '7 mitt fwk

Fig. 3.—Bearing Corner of Rolling Caisson.

86,000 lbs. per square foot—600 lbs. per square inch

—

which is even then very large for sill pressures. It was
felt that, though the width of the caisson was fairly good
(ig feet) the end itself would, owing to its construction,

be hardly stiff enough to really distribute the highly con-
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centrated load of truss A. Various studies were made to

attain s<.>mc thoroughly practical arrangement by which

the load could be spread. After careful consideration

being given to several schemes, among which may be

mentioned a series of radiating struts from the outer ex-

tremity of the end post, it was decided to place along the

whole bearing surface a 48-inch x i-inch continuous dis-

tributing plate whose edge would be faced to bear on the

tiller or skin plate lying behind the 18-inch x J^-inch bed

plate between the caisson and its seal-strip angles. This

plate was reinforced at varying cerrtres on the outside by

pairs of stub angles 5 inches x 3}/^ inches x -){ inch, about

4 feet long. On the inside, similar stub angles were placed

at frequent intervals. The object of this whole construc-

tion was to insure, if possible, that the load, undoubtedly

having a tendency to enter the skin plate, would in turn

be taken from these skin plates to the long reinforcing

plate because of the greater stiffness of the latter due to

its continuity. This quality in the reinforcing plate would

then, of course, assure the distribution of the load to the

oak and thence to the sills.

It was felt that the question of the freezing of

the caisson to the sills might seriously interfere with
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Fig. 4.—Cross=section of Roller.

the satisfactory operation by preventing the hauling
mechanism starting the gate after a prolonged contact

between it and the sills had been made. This might either

overload the hauling devices or else necessitate the instal-

lation of heavier units than should be needed, conse-
quently an electric thawing strip has been designed which
will run completely around the oak-bearing pieces.

In Fig. 3 win be seen a cross-section of the whole
bearing corner. In It can be noted the 48-lnch x i-inch

distributing plate, the 18-inch, x 3/(-lnch bed plate, the

stub angles, the oak-bearing piece and the thawing strip.

In addition to taking precautions against freezing

the caisson to its masonry bearing, it was decided to Instal

a mechanical device by which the caisson could be moved
away laterally from contact with the sills before starting

to roll it inwards. By this means no heavy frlctional load

due to the intimate nature of the contact between caisson

and walls would be thrown on the hauling mechanism. In

addition, this device could be used to push the caisson

against the sills preparatory to its being used as a stop

gate. This would prevent the violent jar that would in-

cvit.ibly result were the gradually increasing hydrostatic

pressure allowed to finally and suddenly overcome the

static friction between the gate and its rollers. Hence a

toggle arrangement was designed capable of performing
the two above-mentioned duties.

On the berth side of the gate the space between the

main bridge longitudinals and the side is filled with 5/16

inch checkered plate. This runs the whole length of the

caisson, and constitutes the operating platform or deck.

The motor, with its control and rheostats, etc., in a water-
tight box, all the floor-stands and all hand-wheels for

valves, etc., are brought up to this deck and operated
therefrom. With this arrangement it is never necessary

for a man, for operating purposes, to climb from the

bridge to the open parts of the caisson where a slip would
probably result in a fatal fall. Thus the safety of the

operators during the handling of the caisson has been
provided for.

The manholes are two in number. \t the lower end
they terminate at the girder, and at the upper end, in a

watertight hatch about 2 feet 6 inches below the bottom
of the wooden bridge. Each rnanhole affords access, even

when the caisson is in service, to the ballast chamber
without unwatering the tidal chamber. They are also

large enough to permit the big valves being taken up for

repairs.

The bridge deck, of wood, is 8 feet 6 inches wide and
is carried by two lo-inch @ 35 lbs. I-beam stringers rest-

ing in small supporting castings through which run the

floor beams of round cold-rolled steel shafting 2}/^ inches

in diameter. These floor beams lead into the bridge posts,

which are flats with forged eye heads at points of floor

beam attachment and also at their lower extremities where
they are fastened to longitudinal supporting stringers of

lo-inch @ 20 lbs. ship channels with flanges turned in-

wards. This fastening is such that the post may swing
in vertical arcs through an angle of about 80 degrees. The
upper extremities of these posts are fastened by pivoted

connections to fence railings of 3-inch x |4-lnch flats.

Thus the whole system may, owing to absence of stiffening

bracing, swing downwards until it lies completely under

the top or clearance line of caisson. When in this position

the caisson may roll into its recess with no post above the

recess cover. In order that the bridge shall not be free

to fold by gravity only, counterweights are supplied in

three sets of bridge posts which are then extended below
the ship channels to receive the counterweight box. The
extensions are accomplished by means of special posts of

12-inch @ 25 lbs. channels.

As the only occasipns when the bridge must be folded

occur when it Is in its recess, it was decided to make this

folding automatic.

The skin plates are designed to figure as small strips

of unit width acting as continuous beams over a large

number of supports . to V being the moment formula

used. No attempt was made to combine bending stresses

in skin plates in the vicinity of the trusses with the main
chord stresses induced in them in virtue of certain portions

being taken as chord material.

The draw bar pull is exerted on the end of the caisson

by means of a large bracket bolted with twelve i '^-inch

diameter bolts, and knee-braced below. These bo.lts are

3 feet 'r Inch long and, passing through the skin plates,

engage a steel anchorage that thoroughly distributes the

load. By means of a 15-inch horizontal channel a certain

proportion of it is conveyed to a number of the small

vertical channels, but the major portion of the draw bar



May 4, 1916. THE CANADIAN ENGINEER 499

pull is taken by four 8-inch x 6-inch angles to the top

sides of the caisson.

The bottom of the caisson is stiffened by 24-inch @
80 lbs. I's placed at 2-foot lo-inch centres and has also

about 6 feet of solid concrete ballast which, of course, aids

in distributing- the loads delivered by the 6-inch x g-inch

steel rails.

Fig. 5.—Truss "A" Assembled in Shops.

The rollers for this caisson are of solid steel 2 feet

in diameter with a flange 3 inches x 3 inches, and a face

width of I foot. The thickness along the bearing is 16

inches. Fitted on the inside of the rollers is a phosphor
bronze bushing- 16 inches long and fi inch thick. This

bears on a phosphor bronze sleeve i6j^ inches long and
also }i inch thick. This sleeve in turn fits over and bears

upon the forged steel spindle 5 inches in diameter. One
end of this spindle is forged square to prevent it turning

in its bearing. The frame for the bearings (one frame

per roller) is cast iron, of heavy design with its outer

surface deeply indented to make an intimate bond with

the concrete. These details are exhibited in Fig. 4, which
shows a cross-section of one roller and frame.

The fabrication of this caisson proceeded along the

usual lines for first-class bridge work. Complete detail

drawings were prepared and wooden templates made.

As will be remembered, truss A and the girder were
designed for i inch diameter rivets and truss B for ?« inch

diameter rivets. In order to keep all punching the same
it was decided to punch everything 15/16 inch. This would
be, of course, sub-punching for truss A and the girder,

and full size for truss B. In the former cases the holes

would be reamed to i 1/16 inches for the i inch rivets.

In order to be sure of accurate fitting, truss A with

its skin plates, and parts of the girder were assembled

in the yard and the reaming was then done. Fig. 5 shows
the truss A being reamed. A good idea of the weight and
size of the members mav be obtained by comparing the

depth of the chord with the man beside the reamer. The
magnitude of the heavy gussets may also be noticed.

The hydraulic features consist of six main culverts

used to flood the berth ; four valves to let sea water into

tidal chamber ; two valves to let sea water into ballast

chamber ; valves to drain the superfluous water off the

tidal and ballast chambers. The six m'ain culverts are of

42-inch diameter steel lap riveted section, terminating in

forged flanged ends riveted to the sides of the caisson and
bolted to the flange of the main gate valves, whose vertical

outer lines are located 3 feet jo^-^ inches from the berth

side of the caisson.

The inlets for sea water in the tidal and ballast

chambers are operated simultaneously. To flood the. tidal

chamber there are four lo-inch valves with horizontal

stems situated 3 feet % inch below the girder deck. Two
lo-inch valves with vertical stems are used to flood the

ballast chamber. All the main culvert valves are electri-

cally operated. To drain these chambers there are two
6-inch valves in each, which empty into the ship

berth. It was decided that the rolling caisson

should be erected first as it could be used as a

gate to protect the ship berth during construc-

tion. The contractors gave the Dominion
Bridge Company permission to use the exca-

vated part of the mouth of the berth as an

erection site.

The rolling caisson was erected lying trans-

versely across the berth, with its longitudinal

centre line coincident with the centre line of

its recess chamber. The floating caisson was
also built here. Between the two caissons a

large timber erection trestle was built to carry

the erection car.

Before the Dominion Bridge Company started

steel erection the contractors had placed the

rollers in the floor of the berth. As it was
necessary to caulk the seams of the caisson it

was propped up on jacks 3 feet 6 inches above

the floor of the ship berth and assembling was com-
pleted up to truss A. No great difficulty was experi-

enced beyond that caused by ice and snow getting in

the rollers.

At the recent annual meeting of the Commission of Con-
servation, a resolution was passed requesting the various

provincial governments to take steps to secure complete re-

ports of all losses from tires occurring within their boundaries,

and the extent, if any, :o which the property was insured.

A new invention has been patented in the United States

the object of which is the production of timber, particularly

piles, which shall be fully preserved for a part only of their

length, that is, at the part where they are subject to decay.

The method consists in first removing the outer bark from
the entire length of the stick, and removing the skin, or inner

bark from only that part which it is desired to impregnate
with the oil under the usual or any preferred conditions of

heat, vacuum, pressure, etc. Wood does not decay in that

part which is permanently in wet soil, but the part in salt

water is subjected to the destructive action of marine borers,

and the, part above the water line, and also the part which
is alternately wet and dry, is subject to decay and fungous
growth, dry rot, etc. Wood constantly submerged in fresh

water does not suffer much from decay or insect life. .Ac-

cordingly it is necessary to creosote piling to be used in

fresh water only in that part from say 2 ft. below low water
mark 'Up to the top of the pile, while in the case of piling

to be used in salt water the wood should be impregnated from
a point say 4 ft. below the mud line to the top of the pile.

Heretofore all piling used in this country, which has been
creosoted at all, has been treated the full length, and on
account of the fact that the small end or top of the tree (as it

grows) contains a much larger percentage of sapwood than

the butt, the end of the pile which goes into the ground has

a much greater amount of oil, per cubic foot, than the butt,

or in other words, the part of the stick requiring no
preservative gets the greatest amount of preservative fluid.

By the above process substantially no oil is used to impreg-

nate that part of the wood which does not require preserva-

tion, the small amount absorbed apparently entering through
small breaks or cuts accidentally made in the inner bark or

skin. It is preferable to remove all the skin from that part

of the length which it is desired to fully impregnate, but
small pieces, say not greater than an inch wide by 5 or 6 in.

long will not prevent substantially complete impregnation
at these points.
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ARTHSIAN WBLLS AND METHODS OF
PUMPING THEM.*

By John D. Kilpatrick.

TllKRIi has iiol liitherto been much discussion on
the subject of the design, construction and op>era-

tion of water supplies obtained from underground
sources, particular!)- those from driven wells. In

a great many localities the underlying formation is such
that a water supply from a driven well system is impos-
sible to obtain, but there are hundreds of situations where
it is possible to obtain an artesian supply, and considera-
tion should be given to this source, even when a filtration

plant is available.

It is often stated that artesian supplies are not per-
manent in character. The writer disputes this point, be-
cause his experience, extending over a great many years,
has led him to believe that the fault is not with the under-
lying water-bearing strata, but either with the construc-
tion of the wells themselves or to bad condition, due to
neglect. There are many cases where the yield from the
wells has steadily fallen off, and where it was possible,
by de\eloping the wells, and possibly changing the
method of pumping, to bring the wells back to their
original and sometimes to an even greater yield. . . .

The writer refers particularly to wells driven through
sand or gravel formation, where the use of a strainer
is necessary. Of course, in the case of wells driven into
the rock, it is only possible to obtain from anv rock hole
the amount of water contained or flowing through the
crevices and fissures in the rock. With sand holes, how-
ever, the yield from any well is greatly affected bv
methods of construction and development of the well
when drilled. The writer has drilled wells that yielded
15 gallons per minute which have been brought' up to
over 300 gallons per minute before being put into service.

In places where there is a choice^ between artesian
well water and a surface water supply that has to be
filtened before it is possible for the water to be used
more consideration should be given to an artesian supply
if the cost of the plant and the cost of water delivered
to the pressure pumps is close enough to allow of debate.
I his opinion is based solely on the ground of the purity
of the supply. ...

The writer refers particularly to the purity of supplies
from driven wells, and admits at the same time that
driven well water in almost every case is harder water
than that obtained from surface streams. In very few
cases, however, does driven well water have to be treated
either to clarify or purify it. The installation of a filter
plant for the clarification of a surface supply is not the
end of that problem; ceaseless vigilance in 'the care of
the filter is the only price of safety. There are localities
where it is debatable whether an artesian supply is better
and more economical to operate than a supply taken from
a surface stream that is to be filtered, and still other
locahties where there are no surface streams, and the
municipality is compelled to resort to artesian wells.

The problems involved in the laving out of an
artesian well system may be grouped under three heads:
(T) Location of the wells; (2) methods of drilling and
con.struction

; (3) methods of pumping. No consideration
will be given in this paper to the methods of pumping
from the pump-house up to the storage reservoir, nor to
distribution systems. Only the delivery of the water to

*From the "Transactions" of the .American Waterworks
Association.

the suction basin in connection with the niiiiu pumps will

be treated.

The location of the wells depends upon the extent

and surface conditions of the land available for the well

field. No rules can be set down for the proper location

of wells until test-wells have been drilled, unless the

underlying conditions are known from wells in the

vicinity. In laying out a pumping plant which will obtain

the supply from wells, as a general rule it is best to drill

the wells and locate the pump on the lowest possible

ground available. The obvious rea.son for this is that

in drilling the wells we penetrate to the underground
stream, and the object is to have the pumped level of

the water as close to the surface as possible, because, as

a general rule, it is more expensive per foot of pump
head to deliver the water to the surface of the ground
than from the surface reservoir up to the storage tank.

If the well field is to be in a well-defined valley, it is

preferable to drill the wells in a line across rather than
parallel with the direction of the valley, because the

underground stream of water may flow in the same gen-

eral direction as the surface streams. This, however,

is not always the case, and before locating definitely any

number of wells, it is advisable to drill test-wells at

various points.

There have been cases where city councils have

taken the matter into their own hands, and have drilled

wells on the summit of the hill on which they have de-

cided to place the storage reservoir under the specious

reasoning that if they could get a flowing well in the

valley, they should get on top of the hill a flowing well,

delivering its water freely into the storage reservoir,

which would save the expense of pumping. Unfortu-

nately, water will not rise above its source, and the

money spent on drilling these altitudinous wells has been

thrown away. There are places where it is possible to

obtain flowing wells on the summits of high hills, but

they are the exceptions which merely prove the rule.

In regard to the location of underground water sup-

plies by the use of forked sticks, magnetic balls, pen-

dulums, indicators for radio activity and other devices,

the belief in such occult means is only evidence of the

survival of a superstition of the alchemist's age.

The only scientific method of determining the loca-

tion for a well is to obtain all the information possible

about wells in the vicinity, together with aU possible data

regarding the underlying geological formations. A com-
bination of experience with the aforesaid data and infor-

mation is of considerable value. In addition to this in-

formation, test-wells should be drilled to the maximum
depth considered necessary-, and should not be less than

6 in. in diameter, so that a pump of reasonable size can

be installed, and some conclusion drawn from the yield

of the "prospect well." .After these "prospiect wells,"

the number of which will depend upon the local condi-

tions, have been drilled and tested, sufficient data is at

hand upon which to estimate the total number of wells

that will have to be drilled to give the required yield.

Great care must be taken to obtain an accurate record

of all the formations passed through, and frequent tests

must be made to determine the yield at different depths.

Driven wells may be roughly divided into two
classes: (i) those where the water supply is obtained

from the rock, and (2) those where the water-bearing

strata lie above the rock. A third class might be added,

a combination of these two.

(i) Where the rock lies at a short distance below
the surface of the ground, and the qualify of the water
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above the rock is unsatisfactorx-, the pipe should be

driven so as to seat firmly into the rock, shutting off the

surface water. The most satisfactory method of doing

this work in the case of the S-in. finished hole in the

rock is to drive a lo-in. pipe down to the rock and drill

a lo-in. hole in the rock far enough to be surely into the

solid rock and below the shattered and seamy top sur-

face. An 8-in. pipe should then be lowered to seat into

the bottom of the lo-in. hole in the rock, and cement

grout poured in sufficiently to fill up the annular space

around the 8-in. pipe in the lo-in. hole in the rock.

After this is set and the 8-in. hole drilled on in the rock,

the lo-in. pipe may be withdrawn for use in another

well.

During the drilling of the well tests should be made
by means of sand bucket or working barrel to determine

the yield at different depths. A good indication of

passing through water-hearing crevices is the rise or fall

of the standing water in the well. If continued drilling

shows the same character of rock and the standing water

level remains the same, it is a good indication that there

is no great change in the possible yield of the well.

Another indication of very little water in a rock well

is shown by a great rise in the water-level in the well

when the drilling tools are lowered.

When the well has reached the required depth, a

test should be made, either with the working-barrel or

the air lift. If there are a number of weOs to be put in,

the air lift system is to be adopted for the permanent
pumping plant, and the test is made with a working
barrel, it is advisable to place the working barrel at a

point below the surface, so as to leave sufficient depth

for the submergence of the air left. For instance, if

the wells are 200 ft. in depth, the writer would not re-

commend that the working barrel be placed more than

100 ft. below the surface of the ground and the yield

determined at this point.

(2) The construction of wells in sand or gravel. In

driving wells through sand or gravel it is essential that

the drive pipe be of strictly wrought iron and equipped

with patent recessed couplings, and care must be taken

so that the ends of the pipe butt in the couplings, and
that the pipe be shod on the lower or cutting edge with

a stee! driv-e shoe. The reason for the pipe butting in

the cc^iplings is to carry the effect of the blow, of the

tools directly through the pipe to the drive shoe, instead

of having the impact come upon the threads in the

couplings.

The proper strainer and the placing of it is the next

point to be considered. If the strainer is to be placed

at the bottom of the well, this may be done either by

driving the pipe through the water-bearing strata, intro-

ducing the strainer, and packing back the drive pipe so

as to uncover it, or the drive pipe may only go to the

top of the water-bearing sand, and the strainer pumped
or driven into proper position. In the first case the

strainer may be plugged before being lowered, but

chances would be taken in the ability of the well-driller

to jack back the drive pipe. In the latter case difficulty

is sometimes found in placing the plug securely.

In either method of construction it is essential that

means be taken to prevent sand from running up along-

side the strainer between the top of the strainer and the

well casing. This sand is kept out either by putting in

a lead packer or by continuing an extra line of pipe from

the strainer up to the surface of the ground. Where the

lead packer is used the strainer is lowered into the hole,

and in order to withdraw it anv time considerable diffi-

culty is usually found in gelling hold ol il and getting

it out of the well without destroying the strainer. As

a general rule, it is better to lower the strainer into place

by means of piping extending all the way to the surface

of the ground, and then, if it is necessary at any future

time to withdraw the strainer it is a comparatively simple

matter to do so.

In case the water is found in three or four strata

with some difference between them, it is necessary to

drive the pipe to the extreme depth, and then lower the

strainers into place, with the proper connecting pipes

between them, and then jack out the well casing at least

as far as the top of the uppermost strainer.

The operation of jacking back pipe is one mvoivmg

risk on account of the pipe parting under the strain.

The only precautions that can be taken are to sand pump
freely and frequently when the pipe is being driven, have

the strainers on the ground, and lose no time in placing

the strainers before jacking back the pipe, so that the

sand and gravel will have as little time as possible to

pack around the drive pipe couplings. Cutting the drive

pipe may be resorted to in case it is unnecessary to with-

draw the lower part of the drive pipe, which may have

been driven to give the necessary amount of submer-

gence in the case of an air lift well. The necessity of

insisting upon the pipe being butted in the coupling is

observed more particularly when jacking operations are

required, because if the pipe is not butted there is even

greater danger of stripping the threads. In case a pipe

parts when being jacked back, it may result in a lost

well.

(3) Under the third heading, where water may be

obtained from the formations above the rock and from

crevices in the rock, the construction of the well differs

in no way from those referred to in the first two actions.

The pumping of driven wells may be done either by

suction, deep well pumps, rotar)' or screw pumps, or

the air lift. In case the water rises high enough in the

wells to be pumped by suction, it is unnecessary to speak

of this, other than to say that method of pumping is

familiar to anvone who has ever done any hydraulic work.

The only prime necessity for a successful suction plant

is tight suction lines and good foot valves.

In regard to deep well pumps, these may be used

when only limited supplies are required and where the

water does not rise in the well high enough to make an

air lift economical. The question of whether to use

single-acting well heads with single-acting barrel, or

single rods with double-acting barrel or double rod heads

with double plungers depends entirely upon circum-

stances. Except under extreme conditions, the writer

does not believe it advisable to use deep well pumps

where there are more than two wells on account of the

spacing between the wells, and the necessity of building

separate pump-houses over each well, and for other

obvious reasons of economical pumping.

For any number of wells scattered, as they usually

must be, over quite an area, the air lift system has proven

itself to be the most available method for delivering a

large supplv of water on the surface of the ground. It is

not advisable, however, to use the air lift, except under

extraordinary conditions, for delivering the water higher

than to the level of the ground. At best, the air lift is an

expensive way of pumping, but where the water is ob-

tained in large volume below suction limits it would seem

to be the only possible method. The air lift system has

the great advantage of not having any moving parts in

the well, and there is absolutely nothing to get out of order
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in the air lift itsi-ll. 1 lu' imniiit; pails of ihr svslcni arc

all in the air compressor in the engine-room, under the

eye of the engineer. ITie engine-room may be located at

the most convenient point, taking into consideration the

supply of fuel, and the furthest well may be a mile or

more away from the air compressor. If the air lines arc

correctly designed and properly buried, there need be but

little loss of pressure. The main fault that the writer has
found with a great many air lifts throughout the country
has been in the air lift piping in the wells.

It is a famifiar fact that a prime consideration for an

economical air lift is that there should be 60 per cent, sub-

mergence. For instance, in a loo-ft. well there should ^be

at least 60 ft. of water when the well is delivering its

yield ; but the principal trouble is found in the design of

the air and water piping, so that the compressed air is

delivered at the bottom of the uptake water pipe with as

little loss by friction as possible, and that the uptake
vi'ater pipe is designed so as to deliver the water, without
being so large as to have an extreme amount of slip or so

small as to develop excessive friction. Evidence of faulty

design is shown by the discharge being in alternate pistons

of water and air.

In a properly designed air lift system the water should

be discharged in a practically uniform stream, with very
little surging. .-\ great many foot pieces have been de-

signed which have for their object the spraying of air at

the bottom of the uptake water pipe, so as to introduce

the air into the water in streams of very fine bubbles. It

was discovered early in the development of the air lift that

the finer the spray could be made, other things being
equal, the more efficient the air lift became; but no foot

piece that was ever designed can work efficiently if the air

pipte leading down to it, and the uptake water pipe from
it, are not of such sizes as are suitable for the particular

problem involved in that well. The great object to be
accomplished by any foot piece is to offer as free and clear

a water passage as is possible, so that there will be no
eddies formed in the water column which cut down the

velocity and impair the efficiency. Above the foot piece

the mixture of air and water should have a pipe with as

smooth surfaces as it is. possible to obtain.

The three methods of piping wells may be termed :

(i) The outside air pipe; (2) the inside air pipe; (3) the
annular system. In the first case the air passes down
outside the water pipe and into some type of foot piece

or oftenings at the bottom with the water passing up
through the inside of the water pipe. In the interior pipe
system the air passes down the inside air pipe to a foot

piece or nozzle, and the mixture of air and water is blown
upward between the outside of the air pipe and the inside

of the water pipe. In the annular pipe system one pipe is

within the other, the space between the two pipes being
the downtake air column, and the interior of the inside

pipe being the uptake water discharge pipe. It is im-
possible without an exact knowledge of the conditions
to determine which of these three systems it is best to use,
assuming that the proper areas are available in each case
for the amount of air necessary and the amount of water
required to be lifted.

There are cases where the diameter of the well is so
small and the amount of water to be delivered so large
that there would not be room in the well for the outside
air pipe, in addition to the uptake water pipe. In this

case it might be better to use the well casing as the down-
take air pipe, and only provide an uptake water pipe. This
arrangement, however, is sometimes impossible on ac-
count of air leakage through the joints of the well casing,
which were opened up when the well pipe was driven. It

is \cry hart! to gcncrali/c .ind lay down rules for piping

up wells on account of the different yields, depths and
submergence of wells, and this is sometimes still further

complicated by the number of wells that have to be

pumped.
\\ ith a great number of wells to be pumped from the

same air compressor, very delicate adjustments are re-

quired so that all the wells may be started at the same
time. The writer believes that it is preferable to use a

single air line, with outlets to each of the wells, rather

than separate air lines from the pump-hoiise to each of the

wells, both as a matter of economy of installation and
economy in the use of air. The plea sometimes made that

independent air lines to each well allow of adjustment

within the engine-room is valid, because the place to ad-

just the well is at the well itself, and if the plant is properly

designed originally, it should not be necessary to adjust

the wells, except at considerable intervals of time, and

then onlv because of the increased requirements made on

the plant or fluctuations in the wells themselves.

Another rule, the obser\ance of which should be

insisted upon, is that the air lift should only be used to

deliver the water high enough above the ground to allow

of a flow to a surface suction basin close by the force

pumps.
The writer has not referred to air pressure machinery,

but considerable economies can be made in this part of an

air lift system by installing compound and condensing
machines and by two-stage air ends. The great loss of

economy in the ordinary air lift system, however, is not

in the engine-room, but in the air lift pump in the wells.

Insufiioient submergence, caused by pumping too great a

quantity from the well and thereby lowering the head to

a point where the increase in the amount of air necessary

is out of all proportion to the quantity of water obtained,

or by the use of piping either too large or too small. No
foot piece ever designed will do the impossible, but a

properly designed foot piece in connection with correctly

designed air and water pipes will make the air lift an im-

portant factor in the pumping of deep wells, and a properly

designed air lift system in connection with wells that have
a good flow of water will result in pumping costs which
will compare favorably with the cost of some surface water
supplies that have to be filtered.

THE PIONEER OF HEAVY ELECTRIC TRACTION.

The first electric locomotive usei for hauling freight

was, according to Aera, the product of the ingenuity of

Chas. J. Von Depoele. This locomotive was built by the

Pullman Company and was put in operation in 1888. After

about fifteen months' service it was scrapped, not because
it was worn out or had outlived its usefulness as a freight

carrier bur because the owners found that passenger
traffic paid higher dividends than heavy traffic. The
motor developed 75 horse-power and was capable of

hauling a maximum load of 35 tons.

As a preventive of disintegration in a larpe rock cut on
the New York Central, the cement gun has been successfully-

used to apply a coating covering the rock and filling the ex-

terna! crevices so as to prevent further frost action.

The Department of Public Highways, Province of On-
tario, has issued another edition, revised to date, of its rules

for the guidance of road superintendents and engineers in

county road construction and repair. These rules were
originally published in 191 1.
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HIGHWAY BRIDGE DEVELOPMENT IN

ONTARIO.*

w
By Geo. Hogarth, A.M.Can.Soc.C.E.

E have to-day, sections in the south of the

province that have been settled for over a

hundred years ; and in the north, there are vast

areas where the axe of the first settler is only

now being heard. Our bridge construction, therefore,

varies from the most primitive types of timber construc-

tion suitable for the lightest of traffic to the more enduring

structures of concrete and steel, which are capable of

safely sustaining the weight of a twenty-ton road roller.

Our rivers of the north are usually broad and deep

with nothing more secure than a shifting, slippery clay

bank upon which to build abutments or piers. The cross-

ing of such rivers is an expensive undertaking since the

river bottom is frequently soft and very liable to be deeply

scoured if the current is in any way deflected by a pier.

In Ontario, hundreds of bridges are required each year,

and those large structures which are more expensive and
serve only a small population must frequently give way
to less costly, smaller structures or ferries, which furnish

communication till bridges are warranted. In deciding

on the type of bridge to build, consideration must be

given to the lumberman who is bringing sawlogs down
the river, and piers must be located or omitted with a view

to avoiding log jams. The safe location of the piers

usualh' governs the length of bridge span to use, since the

crowding of logs cannot always be prevented, and a heavy

jam will often pull timber piers clean out of the river,

piles and all. There is also the ice to contend with, and it

works almost unceasingly to destroy any timber structure

with which it comes in contact. Late in the fall, when the

water is low in the river, the ice forms and sticks solidly

to the piles or cribs for a depth of probably three to four

feet. Should a sudden thaw come in February, the water
lifts the ice and gives the piles a heave that throws the

entire structure out of grade. For these reasons, it has

been found advisable to bridge the rivers with one span
wherever possible, and to place the abutments or piers

out on the banks of the stream. The placing of piers in

the river channel is usually an expensive piece of work,
and the maintenance money that must be spent to protect

them from logs and ice in the spring of the year is fre-

quently considerable. The use of long-span bridges is

therefore an economy.

On the smaller creeks and rivers, the timber queen-

post bridge is still built and is supported by pile piers or

timber rock-filled cribs ; but where the bridge must be iSo

feet or over in length, a steel span is the best and cheapest

type of structure that can be built. The cost of labor in

remote sections of the north is sometimes out of all pro-

portion to the work done, and these types of construction

have been developed from actual experience as being the

most economical under present conditions. With such a

type of bridge, the building of the pile piers requires com-
paratively little work, and four or five men and a team
will finish the timberwork, erect the steel span and lay the

floor of an ordinary structure in about three weeks' time.

Many such bridges are built in locations which are 25 and

30 miles from a railroad, and local men accustomed to the

country must be employed, since the ordinary discourage-

ments of life on that class of work drive the new comer
out of the business.

The highway bridges built in the settled districts and

counties of older Ontario are of a more advanced type of

construction. They must be capable of carrying heavier

loads and be built so as to withstand the wear and tear of

greater traffic. Since good sand, gravel and crushed

stone are easily obtained and cement is cheap, it is eco-

nomical to build the structures of concrete. P'or the

longer spans, where concrete is not as serviceable, the

steel bridge is used, and it is customarily supported on

concrete abutments and provided with a concrete fl(K>r.

Fig. 1.—Steel Bridge Over Carter River at Charlebois.

For short spans, the concrete beam bridge is a very

desirable structure, and for spans of medium length,

where local conditions admit of its use, the concrete arch

is of pleasing appearance. Such work, when well de-

signed and properly built, is very durable, but great atten-

tion must be given to the foundations and to the surround-
ing conditions in order that damage to the structure may
be prevented. Concrete is easily adapted to almost any
foundation, but it is not in the best interests of such con-

struction to use it in important locations where settlement

of the piers is to be anticipated, or where the river channel

will be cramped, due to a low bridge being required. The
safety and enduring qualities of a concrete structure de-

*Paper read before the 3rd Canadian and International
Road Congress, Montreal, March 6-10, 1916.

Fig. 2.—Thirty=foot Concrete Arch Bridge in Russell

Township.

pend to a great extent on the stability of the foundations.

The slightest mo\ement of the footings will result in

cracks opening in dift'erent parts of the structure, and

while such cracks may not seriously affect the strength or

safety of the bridge, they are unsightly and indicate an

undesirable condition of affairs. Concrete is a splendid

building material and will give good results even with very

indifferent workmanship. It is particularly well adapted

to certain locations and designs, but if used indiscrim-

inately failures are bound to occur. In the case of small

concrete bridges, the placing of the footings at a sufficient

depth below the ground or water surface is frequently dis-
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ri'g;ir<U<l. As a result, ihc riisli ol water durinj; a Ircshcl

undcrniihes the foundations and the entire structure may
be lost. It is good practice to carry all footings down to

a depth of at least four feet below low-water level since

at (hat depth the foundation will be safe from frost as well

as from the scouring action of the water. There are so

many vital considerations entering into the design of a

highway bridge that the selection of the type and nature

of the bridge should be left entirely to tlie engineer and

his decision should he final.

Fig. 3.

—

Concrete Beam liridge Near Kearney.

• Our highway bridges are now designed to carry a

concrete floor and a 15 or 20-ton road roller, or a live load

of 100 pounds to the square foot of fltxir surface. The
structure which is built to carry such loading is of good
proportions with fairly stout members. In the past, in-

sufficient quantities of metal were used in many bridges

and they were built so light as to be unable to ascertain

for many years the wear and tear to w hich they were sub-

jected by the traffic and the elements.

The tendency of the times indicates that a 20-ton road
roller will be the maximum load for bridges for some time
to come. In some localities it is proposed to limit the

weight of road rollers and auto trucks allowed to pass
over highways and to make the maximum permissible

weight of such machines 10 or 12 tons. Legislation along
such lines appears to be advisable since with an unre-

stricted werght of auto trucks w'e would soon see ex-

cessively heavy vehicles doing considerable damage to

highway bridges. Some timber and concrete floors have
already received severe treatment and have been partly

destroyed by the heavy rear axle weight of loaded trucks,

and unless steps are taken to curtail such weight the

damage will greatly increase. It is advisable, therefore,

to enact laws which will set a limit on these heavy loads

so that the highway bridges can be built in the security

of knowing the heaviest load they will be called upon to

carry. Otherwise, great confusion may result, and a con-
dition might arise where all our bridges would be too weak
the moment an auto truck manufacturer increased the

capacity and weight of his product. The establishing of

a definite maximum load gives the auto builder and the

bridge engineer a basis upon which to develop and im-
prove all designs.

\\'hile we now build what is believed to be a fairly

stout bridge, the required minimum thickness of metal of

5 '16 inch causes nearly all highway bridge work to be
known as tinwork in the shop where it is fabricated. If

durable strui-tures :ire to be constructed, no skimping or

trimming out of me'.al should be allowed. It would appear
to be a step in the right direction if no metal less than 3/^

inch thick w-as permitted to go into a highway bridge.

Steel highway bridges are still built too light and flimsy

to give a long length of life. Many steel bridges in use

25 years urgently require renew-al to-day because of the

serious rusting of the thin material, and if our work is to

be enduring and have a fair length of life, it is absolutely

essential that a sufficient quantity of metal be used in the

new bridge.

When a bridge is to be built, accurate information is

required respecting the width of the river, the depth of

the water, the height of high and low water, the naviga-

tion or log driving to be provided for, the manner in which
the ice goes out in the spring, the quantity of driftwood

brought down by the freshet, the nature of the banks of

the river, the character of the foundations that will be
required, the local material available for concrete or

timberwork, and the distance to the nearest railway

station. This information is necessary, be the bridge
small or large, and in addition the judgment of the en-

gineer comes into play when the question is put as to

what structure is best adapted to the site. Many instances

could be cited where, owing to incomplete information, a

bri<lge pier was placed in the middle of a river. The
amount of money required to protect and maintain that

pier, together with its first cost, would have paid for a

steel bridge long enough to completely span the river. In

some cases, bridges of insufficient length have been placed

at crossings of wide rivers and as a result they have been

swept away on the crest of the first serious flood. The
position of the banks of a river is very significant. They
are standing evidence that, at one time or another, the

river possessed sufficient force and power to sweep away
everything between those banks, and a structure which
cramps that wide waterway is putting up a losing fight

with nature. The pages of our engineering journals con-

tinuallv record the washing away of bridges, and the

lesson frequentlv placed before us is that the waterways
provided at bridges should be of a sufficient size to pass

the floods. The creek of to-day may be the roaring torrent

of to-morrow, and provision should be made for that ex-

cessive rush of water. It is only natural to build bridges

as small as possible and to construct them with the least

expenditure of money, but in building a bridge the first

consideration should be the safety of the completed

structure and the size of the waterway to be provided must
govern the design.

The nature of the foundation on which the abutment
of a bridge is to be placed deserves mention. An engineer

Fig. 4.—Steel Beam Span on Rubble Stone Abutments
Near Sault Ste. Marie.

is called upon to construct bridge lootings in every kind

of location from one that is a bottomless bog to one that

is splendid solid rock. There are between those extremes

a number of different classes of material, all of which re-

quire close attention in order that a secure footing may
be obtained. A solid rock foundation is ready for the

concrete as soon as all the loose and decayed rock has

been blasted and cleaned awav. It is well to have the
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rock footing fairly level and yet rough enough to give

the concrete a good bond to prevent any ix>ssibility of

sliding.

With a foundation of gra\el, boulders, or hardpan,

the concrete of the footing may be deposited when the ex-

cavation reaches a depth of four or five feet, since at that

depth scouring of the material cannot occur and frost will

have no effect.

In some locations where an exceptionally soft lounda-

tion occurs, it is advisable to divert the road to a better

crossing, where a more secure bottom can be obtained.

With a highway bridge, however, there is a lack of vibra-

tion and impact and the loading is comparatively light, so

that in almost all soft locations a good pile fooling will

be found to lie all that is required to safely carry the

abutment.

For short bridges up to, say, 40 or 45 feet in length,

and where the bottom is soft, a steel beam bridge gives a

very satisfactory structure. The small cost of the entire

work does not justifv expensive pile foundations, and a

mat composed of long timbers mav be laid in the bed of

the river so that each timber extends under both

abutments.

A slight settlement is to be expected with such a

structure, but no harm or damage to the bridge will occur.

The maintaining of the many steel bridges now on the

highways is a work requiring considerable experience and
attention. A bridge is like any other structure built by
man—it is not everlasting. In the case of steel structures,

it has practically been a custom to neglect them and they

are seldom painted. This neglect hastens the rusting and
decay of the metal, and the day soon comes when another

bridge is necessary. It is frequently a difficult matter to

have councils appropriate money for painting bridges when
they have seen indifferent and expensive work done on

bridges in their own or in an adjoining municipality.

There is no doubt whatever that money spent for painting

is real economy, and there is no defence that can be of-

fered for alloviing a bridge to go to ruin. If a structure

is painted every four years, it viill take five complete
paintings to protect it for 20 or 25 years, and at the end
of that time it should be in a good state of preservation.

Fig. 5.—Concrete Beam Bridge in Cumberlanil County.

It could then be removed to a highway having lighter

traffic and would probably be of good service in that new
location for a number of years. Experience with bridges

that have been uncared for for 25 years, indicates that

they are just about ready for the scrap heap; whereas,

proper painting, carried out at comparatively small cost,

would have rendered them still useful for an indefinite

period.

The practical test of observing the bridge during the

passage of a heavy load may result in the discovery that

the various parts appear to be loose and that the entire

structure appears to be working or moxing. If there are

a number of adjustable members in th^ trusses and lower

laterals, it is probable that the tightening of such while

no load is on the structure will cure any apparent loose-

ness, while if the bridge is fully riveted it is desirable that

close attention be given the various joints to see that

rivets are still tight. If a nuniljcr of loose rivets are

Fig. 6.—Steel Bridge with Reinforced Concrete Trestle

Approaches, all Supported on Concrete Piles.

found, it is best to cut them out and re-drive so as to pro-
duce a tight joint.

In Ontario, we have many concrete bridges, and
where such structures were originally well built there are
no maintenance charges and little or no inspection re-

quired. The first concrete arch bridge built by the De-
partment of Public Works was constructed in 1907. It is

founded on solid rock, and to date not one cent has been
expended for maintenance.

In conclusion, it may be said that the highway bridge
is to-day in an important stage of development. The
knowledge gained in using the various materials of con-
struction is tending to modify and improve the design and
general appearance of such structures, and a more artistic

type is being aimed at. With an established system of

loads for all structures, and a greater public demand for

permanency in construction, a considerable improvement
in the character and type of bridges is to be expected.

.^n endless chain operated by an electric motor is used in
loading ties for shipment from a Texas lumber camp. Two
men place the ties on the chain at one end and two men
remove them at the other end and place them on the car.

The large amount of zinc required for war purposes, and
the resulting enormously increased demand for the metal,
lend special interest to an article in the current number of
the Bulletin of the Imperial Institute, on "The Occurrence
and Utilization of Zinc Ores." The chief zinc minerals are
described, and a brief account given of the more important
occurrences in the United Kingdom, the Colonies and India.
Zinc ores have been mined in many parts of the United
Kingdom, notably in Cumberland, Northumberland, Dur-
ham, Derbyshire, Shropshire and the Isle of Man,
but a large proportion of the production has for
several years past been shipped to the Continent for
smelting. By far the most important zinc deposits in

the British Empire are those of Broken Hill Mines, New
South Wales, the output of which alone is sufficient to supply
the entire demands of the United Kingdom for metallic zinc.

The Broken Hill ore before the war went mainly to Germany
for smelting, but the .Australian Government has adopted
measures which will prevent this in the future. Zinc is also
found in South Australia, Queensland, Tasmania, New Zea-
land and Newfoundland. Canada contains a number of
workable zinc deposits, particularly in British Columbia, and
there is every prospect of Burma becoming an important
producer. In Africa there are zinc deposits in Egypt, Nigeria,
Rhodesia, and the Transvaal, as to which more information
is needed.
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rii-i.n AM) oiFici: mkthods kmi'Loyhd by

THU HVDKOiMIiTRlC SUHVHY 01 CANADA.

IN'
the recent report of Progress of Stream Measure-

ments in Canada, which has been prepared under

the direction of F. H. Peters, M.Can.Soc.C.E., by

the ciiief hydrometric engineer, P. M. Sauder,

M.Can.Soc.C.E., and assisted by G. H. Whytc and G.

R. Elliott, .\. M.Can.Soc.C.E., some information on

stream-gauging is given. The theory involved is not

new, but a great wealth of detail as to the application of

it makes it very interesting and instructive, both to tlie

student and the practising engineer.

Stream Measurements.—There are three distinct

methods of determining the surface flow of streams

:

(i) by measurements of slope and cross-section and the

use of Chezy's and Kutter's formula; (2) by means of

weirs, which include any device or structure that by

measuring the depth on a cres't or sill of known length

and form, the flow of water may be determined; (3) by

measuring the velocity of the current and the cross-

section. The third method is the one most commonly
used bv this survev. The second is used when the flow-

Gauging Station on Old Man River, near Cowley, Alta.

is too small to be accurately determined by the third,

while the first is only used in making estimates of the

discharge of a stream when the only data available are

the cross-section and slope. The slope method of deter-

mining discharge will not be discussed, as it is only

approximate. The weir method is applied for small

streams. Few permanent weirs have been installed by

the survey. Many weir measurements have been made
by means of temporary weirs, which consist of a wooden

base of 2-inch plank with a rectangular notch of |'i-inch

steel bolted to it. The edge of the steel is bevelled. Care

must be exercised in erecting the weir properly and in

the choosing of a good location for it. The depth of

water on the crest should not exceed one-third the length

of the weir. The approach channel should be several

times as wide as the op>ening, and the depth of water in

the pond should be twice that over the crest so as to

eliminate velocity of approach and cross-currents.

The dam in which the weir is set should be at right

angles to the direction of flow. Sods are generally used

in its construction, and precautions must be taken to

prevent undermining, ^^'hen the bay has filled up the head
of water is determined by taking levels at the crest of

the weir and at the \v\e\ of the bay, from 4 to 10 ft.

upstream ; the difference of these gives the head
operating al the weir.

.After determining the head the discharge is com-
initcd by using the following formula, which is a modi-

fication of Francis' formula for rectangular, sharp-

crested weirs: ip = 3.33 (L— .2H) H 3/2, in which * =
discharge in sec. ft.; L = length of crest in ft., H =
head in ft.

Measurements by means of temporary weirs should

be made some distance above or below the gauge. If

they are made close to a gauge, the gauge must be road

before the weir is placed in the stream, and the pond
must be allowed to run off after the weir is removed
before the gauge is re-read.

Where permanent weirs are installed, the gauge
height observed is that of an auxiliary gauge above the

weir, which is kept so that the head of the weir can be

read direct. The weir is not usually placed so that it will

interfere with the regular station, so that if at any time

the weir is destroyed the regular gauge can be read

during the period that the weir is out of order.

The velocity method of determining the discharge

of a stream is the most accurate. There are two methods
of determining the velocity of flow of a stream, namely,

direct and indirect. In the direct method, by which the

velocity is determined by means of floats, the liability of

error is large and the results far from satisfactory. This

method is seldom used except for very rough estimates,

or when a current meter cannot be used.

The indirect or current meter method is the most
reliable and most widely used method of determining

the velocity of the flow of a stream. The meter used by

this survey is the Price Patent, manufactured by ^^'. &
L. E. Gurley, Troy, N.Y. It consists of six cups attached

to a vertical shaft, which revolves on a conical, hardened

steel point when immersed in moving water. The number
of revolutions is indicated electrically. The rating or

relation between the velocity of the moving water and
the revolutions of the wheel is determined for each meter

by drawing it through still water for a given distance

at different speeds and noting the number of revolutions

for each run. From this data a rating table is prepared

which gives the velocity per second of moving water for

any number of revolutions in a given time interval.

In making a measurement with a current meter, a

number of points, called measuring points, are measured
off above and in the plane of the measuring section, at

which observations of depth and velocity are taken.

These points are spaced equally for those parts of the

section where the flow is uniform and smooth, but should

be spaced unequally for other parts according to the

discretion and judgment of the engineer. In general, the

points should not be spaced farther apart than 5 per cent,

of the distance between piers, nor farther apart than the

approximate mean depth of the section at the time of

measurement.

The measuring points divide the total cross-section

into elementary strips, at each end of which observations

of depth and velocity are made. The discharge of any
elementary strip is the product of the average of the

depths at the ends, the width of the strip, and the average
of the mean velocities at the two ends of the strip. The
sum of the discharges of the elementary strips is the

total discharge of the stream.

There are a number of different methods of deter-

mining the mean vclocitv at the ends of these strips, or,

as it is commonly called, the mean velocitv in a vertical,

namely, multiple-point, single-point, and integration.

These three principal multiple-fxiint methods in general
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use are the vertical velocity-curve, three-point and two-

point method.

In the vertical velocity-curve method the centre of

the meter is held as close to the surface of the water as

possible, being careful to keep it out of reach of all sur-

face disturbances, and then at a number of different

depths throughout the vertical. The velocity at each

position of the meter is recorded. These observations are

then plotted with velocities in feet per second as abscissae

and their corresponding depths in feet as ordinates, and

a- mean curve is drawn through the points. The mean
velocity for the vertical is obtained by dividing the area

bounded by the curve and its axis by the depth. In the

absence of a planimeter for measuring the area, the depth

is divided into 5 to 10 equal parts, and the velocities of

the centre ordinates of these parts are noted. The mean
of these velocities will very closely approximate the mean
in the vertical.

The vertical velocity curve is useful in studying the

manner in which velocities occur in a vertical. From a

study of a number of these curves the other shorter

methods of determining mean velocity are deduced. On
account of the length of time taken to complete a meas-

urement this method is not used in general routine meas-

urements, except during the winter, for a change of stage

is almost sure to occur during a measurement on a large

stream, which counterbalances the increased accuracy.

For this reason its use is limited to the determination

of the coefficient to be used in the reduction of values

obtained by other methods of measuring velocity to the

true value, to the measurements of velocities under new
and unusual conditions of flow, and for measurements
under ice.

The three-point method is one of the short methods
of obtaining the mean velocity in the vertical, and, under

some conditions, gives the most accurate results next

to the vertical velocity-curve method. It has been used

almost exclusively by this survey in past years, during

the open-water period, but recently has been superseded

by the two-point method, which, under most conditions,

gives more accurate results. In the three-point method
the current-meter is held at 0.2, 0.6, and 0.8 depth. The
mean is then obtained by dividing by 4 the sum of the

velocities at 0.2 and 0.8 depth, plus twice the velocity

at 0.6 depth.

In studying the vertical curves made at a number
of different points and under varied conditions, it has

been found that the mean of the velocities occurring at

0.2 and 0.8 depth gives very nearly the mean velocity in

the vertical. Use is made of this fact in the two-point

method of determining mean velocity, the meter being

held at 0.2 and 0.8 depth in the vertical. This method

has been found more accurate than the single-point

method, and the time required for a metering is not very

much greater. This method has been found to give, also,

a very close approximate to the mean velocity in meas-

urements of ice-covered streams, although these flow

under very different conditions from those of open water.

The single-point method is based on the results of

experiments, which have established the point of mean
velocity in a vertical at 0.6 of the depth. Therefore, the

error resulting from the use of the 0.6 depth as the depth

of mean velocity is very small, though in some few cases

a study of the vertical velocitv-curve will show the need

of a coefficient to reduce the observed velocities to the

mean. The variation of the coefficient from unity in in-

dividual cases is, however, greater than in the two or

three-point method, and the general results are not as

satisfactory. For that reason this method is not em-
ployed very extensively by the survey.

In the other principal single-point method the meter
is held near the surface, at from 0.5 to i foot below the

surface, care being taken to sink the instrument below
the influence of wind or waves. The resulting velocities

must be multiplied by a coefficient to reduce them to mean
velocities. This coefficient, as found by a large number
of experiments, varies from 0.78 to 0.98, depending
upon the depth and speed of the stream. The deeper the

stream and the greater the velocity, the larger the co-

efficient. In flood work coefficients varying from 0.90
to 0.95 should be used. This method is only used when
the current is too strong to permit the sinking of the

meter to any great depth below the surface of the water.

It is often employed at times of flood, or when a stream

is carrying a lot of driftwood or ice.

The integration method of determining the mean
velocity in a vertical consists in moving the meter at a

slow, uniform speed from the bed of the stream to the

surface and return in a vertical direction, the time and
revolutions being observed. In travelling through all

parts of the vertical tJie meter is acted upon by each and
everv thread of velocity from the bed to the surface of

Gai/ging Station on the North Branch of Milk River.

the stream, and the resulting observations determine

the mean in that vertical.

This method is very useful in checking the results

of other methods. It is, however, seldom used by this

survey, as the Price meter is not suited to observations

by this method, since the vertical motion of the meter

causes the wheel to revolve.

Gauging Stations.—The location of gauging stations

is very important, and the choosing of a suitable place

is more difficult than one would think. Not only must

the water be moving in nearly straight lines over a solid

bed and between well-defined banks, but the place must

be accessible at moderate cost, and there must be living

near it a competent person who can be engaged to serve

as observer. Permanent gauging stations should only

be selected after a very thorough reconnaissance. In the

irrigation districts and in more thickly populated districts

there is more or less diversion of water. This is apt to

complicate matters for the hydrometric engineer, for a

gauging station above all works may not include all the

tributaries of the stream, and it is often necessary to

establish gauging stations at several points along the

streams, and on tributaries, canals, and pipe lines in

order to obtain complete information regarding the water

supply in a particular stream.
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Tlieic are three classes of gauging slalkms, naiiicl)
,

wading, bridge and cable stations. 'Ihe wading station

can, of course, only be used in the case of small streams

having a maximum depth al its highest stage of throe

feet or less. The equipment for a wading station is

small, consisting usually of a plain stalT gauge, gradu-

ated to fi-ot and hundredths, and fixed vertically to one

of the banks of the stream. For convenience a measuring

line, usually a wire with tags, may be lixed permanently

at this section. \\']ien taking the reading the engineer

should stand below and to one side of the meter so as

not to cause eddies in the water.

Bridge stations, because of their permanency and

the freedom of movement allowed the engineer, are much
preferred. \'ery often, however, more particularly in

swift currents, the piers materially affect the accuracy of

the results. When the gauge cannot be attached to a

pier, it is often attached horizontally to the guard-rail or

floor of the bridge, and the height of the stream is found

by lowering a weight by a chain over a pulley. It is

indicated by a marker on the chain. Distances of three,

five or ten feet, according to the size of the stream, are

Boat used for making Discharge Measurements of

Athabaska River at Athabaska, Alta.

marked on the lower chord of the down-stream side of

the bridge to serve as a measuring line.

Frequently it is impossible to establish a permanent

gauging station at a bridge. In that case the wire cable

of a ferry can be utilized, or, if that is not available, a

permanent wire cable is stretched across the river. For

spans of average length a galvanized wire cable ?/;-inch

in diameter is safe. It is supported at each bank

by means of high struts or by passing it through the

crotch of a tree. The cable is run into the ground and

anchored securely to a "dead man,"' buried at least six

feet below the surface, or, if convenient, it is anchored

to the lower part of the trunk of a tree. A turnbuckle

is inserted in the cable between the strut and anchorage

to permit tightening the cable when it begins to sag. .A

permanent measuring line, usually a wire, with tags

5 or 10 feet apart, is stretched across the stream just

above the cable. A cage large enough to carry two men
and instruments is constructed and suspended from the

cable by means of cast-iron pulleys. The cage is moved
from point to point by hand. .\ stav-line, usually quarter-

inch guy wire, is stretched across the stream about 30
to 40 feet upstream from the cable, and .securely fast-

ened. By passing a sash-cord through a pulley hung on
thi-s stay-line the current meter is nrevented from lieing

carried downstream. This type of station has the advan-
tage that it ran usuallv be located at the most desirable

point on the stream and is Irce of piers and other

obstructions.

Owing to friction in the current meter the lowest

velocity at which readings can be depended upon has

been found from experiment to be 0.5 ft. per sec.

Office Computations.—When a series of discharge

measurements has been made at a gauging station a

rating curve is constructed for that station, showing

graphically the discharge corresponding to any stage of

the stream within the limits covered by the gaugings.

This curve, as it is usually drawn, has as abscissae the

disch;u-ges in second-feet, and as ordinates the corre-

sponding gauge heights at which the discharges were

made. A smooth curve is drawn through the resulting

set of points, and from this curve the discharges at any

stage within the limits of the curve are taken. Some
measurements may be more reliable than others, owing to

more or less favorable conditions at different times of

gauging, or to other causes. In order to obtain the

weight of the different measurements, curves with area

and mean velocity, as abscissae, and gauge heights as

ordinates, are also drawn. From a study of these curves

any discrepancies in a measurement, either in its area

or mean velocity, may be detected. A station rating table

is prepared after the rating curve is constructed which

gives the discharge at any stage of the stream within

the limits of the daily gauge height observations on
record. From this rating table the daily discharges

corresponding to the daily gauge heights are read and

tabulated. The rating table is constructed for tenths,

half-tenths, or hundredths of feet, according to the read-

ings of the gauge to which it is to be applied. The dis-

charges for this table are read directly from the rating

curve and are then adjusted so that the differences for

successive stages shall be either constant or gradually

increasing, but never decreasing, unless the station is

affected by backwater.

The rating table being made to cover the range of

daily gauge height observations, the next procedure in

the computations is to make out a table of daily dis-

charges from this rating table. The daily gauge heights

are copied as thej' were sent in bv the observer, and
opposite each the corresponding discharge is filled in

from the rating table. The monthly discharge is found

by totalling the daily discharges for the month in ques-

tion, and the monthly mean is obtained bv dividing this

total by the number of days in the month.

The run-off is computed with two different sets of

units, depending upon the kind of work for which the

data is intended, as follows :

—

1. Run-off in inches is the depth to which a plane

surface equal in extent to the drainage area would be

covered if all the water flowing from it in a given time

were conserved and uniformly distributed thereon ; it is

used for comparing run-off with rainfall, w'hich is usually

expressed in depth in inches. The monthlv mean run-off

in second-feet is di^•ided by the area of the drainage basin

in square miles to find the monthly mean run-off per

square, mile. This result, reduced to run-off in depth in

inches for the monthly period, is in the form required.

2. The run-off in acre-feet is the form of most use

in connection with storage. .'\n acre-foot is equivalent

to 43,5(10 cubic feet, and is the quantity of water required

to cover an acre to the depth of one foot. The monthly

mean run-off in second-feet is used for the computation

of run-off in acre-feet. The monthly mean is reduced to

cubic feet per month, and this quantity, divided by 43,560,
gives the run-off in acre-feet.
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The run-off of the stream being computed both in

depth in inches and in acre-feet for each month, the

nm-off for the period during which observations of run-off

were made is found lay the summation of the amounts

of run-off for the several months making up this period.

Winter Records.— Perhaps the greatest ditliculties in

stream measurements are met with in tiie early part of

the winter, just as the streams are commencing to freeze

up. Especially is this true in the swift-running streams

in or near the mountains. Xeedle and anchor ice often

form in large quantities in rapids, and, flowing in masses

with the water, make gaugings very difficult and un-

reliable. Even after a permanent ice cover is obtained

at the gauging station this ice will, in some cases,

obstruct the channel below the station and cause "back-

water.
'

'

A further difficulty is that the surface ice usually

forms along the edges of the stream for some time before

forming in the centre of the channel. At first this may
be broken away if the stream is small and open-water

measurements made, but later it is necessary to take

some observations through holes in the ice along the

edge. .\s the streams get farther away from the moun-
tains their velocity decreases, and fewer rapids occur

along their course. There is then less trouble with needle

and anchor ice, and a permanent ice cover forms much
more quickly.

It is often necessary to choose a new section for

winter observations. This should be done before freeze-

up, for then the width, depth, uniformity of flow and

conditions above and below can be easily noted. The
most suitable stations for winter measurements are those

which have a long stretch of very smooth, sluggish water

above and a rapid fall below.

In winter as in summer, the daily discharges of a

stream are computed from frequent discharge measure-

ments and daily gauge height observations. The dis-

charge measurements are made through holes in the ice

from five to ten, or even twenty feet apart, depending

upon the size of the stream, and large enough to allow

the current meter to pass though freely. The gaugings

are made in the same manner as at open sections except

that the depth of the stream is taken as the distance from

the bottom of the ice to the bed of the stream. The
soundings, however, are always referred to the surface

of the water in the holes, the distance from the surface

of the water to the bottom of the ice being measured and

subtracted from the soundings to obtain the depth.

The vertical velocity-curve method is usually used

for the determination of the mean \elocity in the vertical.

A curve is plotted for each vertical, and^the mean velocity

is determined in the usual manner. These curves vary

greatly as to form for different kinds and conditions of

channel.

It is found that when all the holes are opened on

a small, swift stream there are sometimes vertical pul-

sations of the water in the holes, which affect the velocity

readings. This can usually be avoided by only of)ening

one hole at a time, and filling it in again with ice and snow
as soon as the observation is finished. It can also be

overcome by inserting a thin sheet of galvanized tin or

iron at the bottom of the hole after the meter has been

lowered into the water. The meter should always be

held near the upstream side of the hole.

In using the meter care must be taken to keep it

under the water as much as possible to prevent ice from
forming around the bearings. It is a good plan to clean

and oil the meter indoors before starting out to make a
gauging.

Gauge Observations.—The gauge is usually read
once a da\-, the observer cutting a hole in the ice and
noting the elevation of the water and gauging the thick-

ness of the ice by means of an L-shaped ice-gauge.
Notes are taken as to needle ice, slush, snow, ice-jams,

and any sudden temperature changes.

.\ny form of gauge may be used, but the chain-gauge
is the most satisfactory, as the staff-gauge, being frozen

to the ice, heaves with it, and also in cutting away the

ice from around it the figures are effaced. The automatic
gauge gives trouble with the well freezing over.

While the run-off, particularly during the winter

months, does not vary directly in accordance with the

precipitation, the rate at which it reaches the streams
is, of course, dependent almost entirely upon the climatic

conditions.

There is, therefore, \ery little surface run-off, and
ern Canada which make it exceptionally difficult to make
estimates of the daily discharge during the winter. The
gauge height in many cases fluctuates very much, and
often sudden rises or drops occur. These rises are often

Gauging Station on Frenchman River.

explained by the fact that during very cold spells a great

deal of slush, frazil and anchor ice is formed and chokes

up the channel, thus raising the surface of the water,

when in reality the discharge is decreasing. Then, again,

a chinook causes a sudden rise in temperature and the

discharge is often increased, while at the same time the

gauge height gradually lowers, evidently because the

warmer weather and water have melted out a lot of the

ice from the channel and given it a greater carrying

capacity.

In order to make reliable estimates of the daily dis-

charge, gaugings must be made at short intervals and

the weather conditions and temperatures in the whole

of the drainage area above the stations must be very

carefully studied.

The weather conditions and temperatures at the

gauging station are not always typical for the whole

drainage basin above, and care must, theretore, be taken

to have the meteorological observations made at some
other place, or, if necessarv, at two or more places. Of
course, care must be taken to study all the possible con-

ditions which mav affec-t the estimates.
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LKTTKR TO THE EDITOR.

Stresses in Lattice Bars of Channel Columns.

.So

Then, S'

Sir,—The writer was much interested in the dis-

cussions by Mr. Goodrich, Professor O. H. Basquin and

others. I take it from tlioir articles that they are just as

anxious as myself to have liiis problem settled, and there-

fore wish to bring out clearly the principle upon which

my discussion is based. I have assumed the following:

—

1st. As the length / approaches zero, the stress in

the column due to bending also approaches zero.

2nd. As the length / becomes greater, then the stress

in the column due to bending also increases.

3rd. That it is only the stress due to the bending of

the column that causes any material stress in the lattice

bars.

4th. That all columns centrally loaded have a ten-

dency to bend into the shape of a sinusoid whose equation
X

IS y = A sin n !>—- as shown in Figs, i, 7 and 8. (See

Merriman's "Mechanics of Material," 1894 edition, page
115.) [Editor's Note—Figs, i to 6, inclusive, and Equa-
tions I to 18, inclusive, appeared in the February 24th,

1916, issue of The Canadian Engineer.]

5th. If we know the flange stress in the centre of the
column due to bending, and plot a sinusoid whose centre
ordinate is equal to that stress, then any ordinate taken
at any point x (see Fig. 9) will be equal to the stress in

the channel at that point due to bending.

6th. If the column (hinged top and bottom) is

divided into, say, twelve equal parts, then the ordinates
will have the relative proportions to the centre ordinate,

as shown in Fig. 9.

If the six assumptions given above are correct, the
problem resolves itself into a very simple one. If the
column is hinged each end (or round ends) then the
equation is

X
y

I

(See Figs, i and 9.) [Equation 19.]

If the column is hinged at bottom and fixed the other,

(See Fig. 7.) [Equation 20.]y = A' sm -^s_
2 I

If the column is fixed both ends,

y = '^" sin 2-^ £ (See Fig. 8.) [Equation 21.]

;

The case under discussion is the one shown in Figs.
I and 9, Equation 19.

Now, referring to the 5th assumption, all that it is

necessary to do is to substitute for A in Equation 19 the
stress in each channel due to bending of column at the
centre of the column. One will then get ordinates as
shown in Fig. 9.

The ordinate y at any distance x will then be the
stress in the channel at that point due to the bending of
the column. If a stress curve is plotted as shown in Fig.

9, then it is possible to get the stress in any lattice bar.

The problem now resolves itself into getting the most
correct column formula for the stresses in columns.

If the same notation is followed as called for in my
February 24th article, .Sc = 16,000 lbs. per sq. in. (safe

pressure per sq. in.); S = 50,000 lbs. per sq. in. (ulti-

mate pressure per sq. in.); E = 29,000,000 (modulus of
elasticity). iS and E are values given in Cambria and
Carnegie handbooks.)

[Equation 22.]

Hi ^' E r'

Substitute values given abo\e and m =r- 1 for round
ends, then

16,000

[Equation 23.]S' i_ 1^

5,800 r
(Note—Equation 23 is very nearly the same as that

which was suggested by Mr. Goodrich, and is what Pro-

fessor Merriman gives.)

Referring to Equation 19, we get

y = A sm - -- •

Now, if in this equation we substitute for A the value

(5c -S.)-,
'

2

the equation becomes
A X

y = (Sc — 5,) • sin "^ (See Fig. D.) [Equation 24.]

It will be noticed that Equation 24 is the same as

A
Equation 16, except that I have substituted— for A. TTiis

error was p>ointed out by Professor Basquin, and also by
Mr. Goodrich.

Equation 24 gives the equation of the curve shown in

Fig. 9 and similar to that shown in Fig. i.

If •? is the angle the lattice bars make, then the stress

in the end lattice bar b c =
A X

(Sc — .9,) — sin " — sec 1). [Equation 25.]

There are two lattice bars, so the stress in each end
lattice bar becomes

A V
be = (5c — .9,) — sin r _ sec «. r^ .

. ,
t2 / [Equation 26.

J

2

But <l> is usually 60°, and sec of 60° is 2,

A X
Therefore, be = (5c— .9,)— sin "— . [Equation 27.]

Equation 27 is the same as given in my February
d

24th article under Equation 16, except that — has been
2

substituted for A.

(Note—y given in Equation 24 is the stress in the

channel at any point x, but as ^ is usually 60°, and secant

of 60° is 2, also as there are two lattice bars, therefore

when iP = 60°, then the stress in each end lattice bar
be = y, when .-v is the distance to the first rivet from
the end.)

Referring to Fig. 9 and the 5th assumption.

The stress in the centre of the column in each channel

will be (5c — 5') — .

2

If this quantitv is taken as the centre ordinate and a

sinusoid plotted, then the stress in the channel at any
point X will be equal to the ordinate y and will be the

stress shown as p in the end panel.

This assumption is based on the same theorv as an'

ordinary lattice truss having an evenly distributed load in

which, if the centre ordinate is made equal to the stress in

either flange and a parabola is plotted, then the stress at

any other point x is obtained by simply scaling off the

ordinate.

It seems reasonable Ih.it if the stress in an ordinary

lattice truss is proportional to the deflection curve, then

the same law should apply to columns.
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Referring now to Fig. 7.

The same method may be adopted by using Equation

20, and for -i' substitute (So — S') ^— , finding S' by

Equation 39.

Referring to Fig. S.

Equation 21 must be used and for ^' substitute

-4

(5c — S') — , finding S' by Equation 43.

Transverse shear may be found as follows:

—

Referring to Fig. i. M = bending moment at centre

of column. Then,

.\/ = P A. [Equation 29.]

Total stress in one channel due to M is

Referring to Fig. 10, Cambria gives the following

Values with reference to axis 2-2 :

—

7" channel

15"

6^"
9%"

D' =
D' =
D' = II '4"

D> = 13 14:"

r =2.8 A = 5.7

r = 3.83 .4 = 8.92

r = 4.64 A = 12.06

r = 5.61 A = 19.8

h-
<]i

(So

Therefore,

s.>^.

A lO -I ">! ^ "^' ^^
v' *•

I '
•' -I •' 5;^s

k~^ « —W-^—^—'

—

'^—

>

/V \ / \ / Y 'i \ «+ ^z + 7^ + // 4 7z-lv^V

PA
= (So S,) - - /

and PA = D' (So — S,) — • [Equation 30.]

Also, m = Py. [Equation 31.]

Substitute for y the value given in Equation 19, then

--4-
Fig. 9.

/ _ -J

m = P A sin -—

t

Equation 3

k
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1-.730 X 5-7 X -0251According to tests,

T

= 1,820 lbs.

10" channel column 12' o" long, V = 9^^ x 3,150
8.Q2 22 1

X —^- X X = 2,836 lbs.
2 7 144 •

•*

According to tests, I' = 12,850 x 8.92 x .0251
= 2,877 lbs.

12" channel column 15' o" long, T = 11^' x 3,250
12.06 22 I

X X X —— = -i.S^o lbs.
2 7 iSo '' ^

According to tests, V = 12,750 x 12.06 x .0251
= 3,859 lbs.

15" channel column 18' o" long, I' = 13^ x 3,270
19. 8 22 I

X X X —- = 6,240 lbs.
2 7 216 ^

According to tests, V = 12,730 x 19.8 x .0251
= 6,320 lbs.

Now, for a further demonstration, if we take the
column that was actually tested,

— = 37-8,

I = 21' o",

D' = 16,

.4 = 18.76,

r— = 1.429.

5' = 12,840,

(5o — S') = 3,160.

-T-U- T' ^ .
18.76 22 I

Ihen I' = 16 X -s.ido x —— x x = !;,qi; lbs.
2 7 252 ^'^ ^

According to test, V = 12,840 x 18.76 x .0251
= 6,046 lbs.

Referring to the above, it seems to the writer that the
formula given in Equation 35 for the transverse shear
certainly agrees to a surprising degree with the figures
for the transverse shear given in Bulletin No. 44, which
gives ratio of transverse shear to compression load =
.0251 ; and, as pointed out before, this was for a column

havmg — = 37.8 and the slope of the lattice bars with

axis of column = 63° — 30'.

It hardly seems reasonable that the above is only a
coincident.

Now, to prove that Equation 27 and Equation 35
will give the same results :

—

Equation 27 gives the stress in the end lattice bars
when 9 = 60°.

Equation 35 gives the transverse shear and therefore
must be muhiplied by the sec of (90° — <P). This will give
the stress in the end lattice bar, but as there are two
lattice bars this result will have to be divided by 2.

For the angle referred to as <P see Fig. 9.

Take the 7" channel column, 9' o" long.

Sm . - .113.

rsc — Si) = 3,270.

Then, using Equation 27.

he = 3,270 X 2.85 X .113 = 1,053 (stress in end
lattice bar b c).

Using Equation 35.

V = 1,830.

Secant 30° = 1.155.

Volume 30

1,830 X 1.
1 55Then, stress in each end lattice bar be =

2

= 1,056.

If 15" channel column 18' o" is taken, '

(So — S.) = 3,270.

A- = 9.9.

bm T
—J-

= .III.

Using Equation 27,

6c = 3,270 X 9.9 X .III = 3,590.

Using Equation 35,
V = 6,240.

Then, stress in each end lattice bar h c =— ^
2

= 3.600.

Referring to Equation 20,

^ = A' .;^ 3 . -v-

sm
/

[Equation 20.]

(Column fixed at top and round at bottom. See
fig- 7-)

m = Py, substitute for y.

'J X
Therefore m = P ^' sin— "—

2 /

dm „ .
^

"

"? V__ = PA'^cos-^^— . [Equation 36.
dx 2

1

2 I
^ J

Substitute D' (So — S')— for P A', then
2

dm ^, „. ,_ „ 4 ^- 3 X

dx
F = D' (5c — S')^, A^ cos ^- -1

.

22/ 2 I

[Equation 37.]
Equation ^7 gives the transverse shear at any point a

when the top of the column is fixed and the bottom is

round.

2
When X = o, or — I then Equation 37 becomes

V = D' (So — S')^,^ [Equation 38.]

Equation 38 gives the transverse shear at round end

of the column (bottom) and at a distance of — /. from the
3

bottom.

The shear at the top is zero, also at a point one-third
up from the bottom.

Referring to Equation 22, Merriman gives m =
2J4'

when columns are fixed one end and round the other.

Substitute this value for m and values for S and E,
then

16.000

S' = ^ I /
. [Equation 39.]

13,000 r'

Referring to Equation 21,

_ ]_

y = A" sin 2- '^

4_. [Equation 21.]

I

Column fixed top and bottom. (See Fig. 8.)

nr = PA" sin 2 -

^ = PA" i-cos =r(4£ ^) [Equation 40.]

Substitute D' {Sc — S') ~ for PA", then

dm
dl

[Equ.ntion 41.]
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Equation 41 gives tht transverse shear at any point

.-V when both ends of the column are fixed.

If X = o, then ( cos "
"^

'^ "7
J
= cos 90° = o and

the end shear V = o.

If .v= ^
,
then (cos ^ ^-^1— ) "" ^°^ o" = i, and

the shear becomes

F = D' (.S'c — S')--- [Equation 42.]

Equation 42 gives the transverse shear at a distance

— from each end of the column, which is a maximum.
4

Referring to Equation 22,

m = 4.

Substitute this value for m, and values for .*^ and E.

Then,
16,000

S' =
1 +

I V . [Equation 43.]

23,200 r"

This value of 5' to be substituted in Equation 42.

The value of the shears F, obtained in Equations 35,

38 and 42 should be multiplied by the secant of the angle

(90° — <l>) and then divided by 2 to give the stress in the

end lattice bars b c.

Reply to Mr. Goodrich.—Referring to Mr. C. M.

Goodrich's discussion, would say that he was right in his

criticism that .4 should be^, and I have corrected this

above.

He mentions that the lattice bars are too wide at 2%"

and suggests i-':;" for the small columns. This, of course,

is a matter of shop practice and depends a great deal upon

the size of the rivet that is being used. He states that r

is taken for the wrong axis. Upon looking up Cambria,

and checking over the r used, I find that in a few places

the value for r may be wrong, such as for 7" channel I

took 2.34, and upon carrying the calculations out to the

fourth place I find that this should be 2. 38, but I am sure

this would not affect the results materially.

He savs that Mr. Pritchard suggests using 3% of the

axial stress, and further on states that the new Quebec

bridge lattice takes a shear of 2% of the axial stress, but

he doesn't in any place state upon what authority 3% or

2% was taken, nor does he say whether he agrees with

this assumption or not, or whether he thinks this value

should be taken for all lengths of columns or how the

columns should have their ends fixed when the above

values are used.

If Mr. Goodrich believes there is a transverse shear

equal to 2% of the axial load, then he must also believe

there is bending in the column, for we know that

dm
dx

where V is the vertical shear.

Or, in other words, when there is any possibility of

the member acting in any way as a beam, it is not pos-

sible to have a shear without a moment except as dx ap-

proaches zero.

Therefore, if V is 2% of the load on the column (cen-

trally loaded), it must necessarily follow that it must be

a function of the bending of the column, even though the

column be less than a ratio of 200
r

Upon referring to the report of the Royal Commis-

sion, Quebec bridge inquiry, I find that Mr. Schneider has

assumed that the column will bend into shape of a para-

bola due to eccentricities of load caused by fabrication,

and hv has given a formula for the transverse shear as

follows :

—

ar
Sn 8C

Where C = 70, d = out to out of flanges ; this then

resolves itself into

- 280 ar
o max = ,

n
d

where n =

This is the same equation as given in my first dis-

cussion for Equation (d). I also find that the particular

member under discussion had a ratio of — = 35, ap-

proximately.

Reply to Mr. Harkness.—Referring to the discussion

by Mr. A. H. Harkness, he has pointed out the same error

as previously mentioned.
If you take my original Equation 1 1 , which is

M = PA sin -
^

I
'

and differentiate this, we get

J n A X - dxdm = F A cos JT — . —-—
,

'''" da" ^'

or --— = P A _ . cos " -r-
,dx I I

which is the transverse shear on the column, and this

equation is the same as Equation (2) given by Mr. Hark-
ness. He has, then, substituted for P A, the quantity

I think his analysis is a neat treatment of the sub-

ject, and, as he says, a quicker method of arriving at the

result.

Reply to Mr. Molitor.—Mr. Molitor is of the opinion

that, due to imperfections of fabrication, it would be im-

possible to get an exact formula for the stresses in lattice

bars. 1 thoroughly agree with him, and pointed that fact

out in my article, but I do think it possible to arrive at a

formula that is based on theory and that will give rea-

sonably safe results, and this was my object.

Mr. Molitor derives the old formula,

280 a r

R =
,

n

but afterwards discards it, and states in his last paragraph

the following :

—

"These flanges being subject to compression from

end to end, the function of the lacing and batten plates

will be to transfer longitudinal shear from one flange to

the other whenever and wherever the compressive stress

is unequally distributed. The maximum value of this
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shear may, under certain conditions, approach the total

load /' on the column and hence the total area of lacing

and batten plates should be sufficient to carry the shear.

This will serve as a good criterion in designing lattice

columns and represents the writer's practice, though the

whole subject is largely a matter of standards."

I would draw attention to Fig. 8a, which shows a

column fixed top and bottom. It will be noticed that there

is a compressive stress at the top and bottom, designated

by + p, and this, then, appears at the centre on the op-

posite side. Now, this stress + p is due to the bending

of the column, and might, as Mr. Molitor says, approach

the size of P if the deflection were great enough.

The stresses shown in Fig. 8a should fulfil Mr.

Molitor's conditions excepting that one also gets a trans-

verse shear as given by Equation 42. I do not quite see

. how Mr. Molitor could get a longitudinal shear without

a transverse shear, and if the conditions that I suggest

are right, then the longitudinal shear must be taken up by

— , and not bv the whole length of the column.
4

W. W. PEARSF.
City Architect and Supt. of Rldg.

,

Toronto, Ont.

Toronto, April 27th, 1916.
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I COAST TO COAST |
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Petrolea, Ont.—Hydro power was turned on for

street lighting and domestic use last week.

Toronto, Ont.—The hydraulic dredge "Cyclone" has
started work on the Lake Shore Boulevard scheme.

Toronto, Ont.—The Trent Valley p>ower bill, validat-

ing the purchase of the Seymour power interests, has been
passed against strong Liberal opposition.

Edmonton, Alta.—The Legislature has made an im-

portant amendment to conserve the natural resources of

the province. The export of natural gas has been pro-
hTbited.

Ojibway, Ont.—Oflficial denial is given to reports

which recently have been current to the effect that the
United States Steel Corporation had abandoned its plans

to erect a large new plant here.

Medicine Hat, Alta.—If the C.N.R. build their line

here this year it is likely that the Saskatchewan Bridge and
Iron Works will complete and operate their new plant.

About 200 men will be employed.

Banff, Alta.—Considerable roadwork has been done
in the Rockies by interned aliens. They have been con-
structing parts of the new automobile road which will

ultimately run from Vancouver to Winnipeg.

Calgary, Alta.—The trouble between the C.P.R. and
the farmers in the western irrigation block has been
settled. An entirely new contract will be entered into by
the settlers, of whom there are about 1,000 in the western
block.

Edmonton, Alta.—A new hotel enterprise in the form
of a tented city is to commence operations in the near
future in Jasper Park. The government has built a net-
work of good roads to points of interest in the park during
the last year.

Port Moody, B.C.—The main building of the steel

works is now completed and 26 car-loads of machinery is

now on the ground while heaps of miscellaneous scrap

iron and steel litters the ground in the iiniiiediake vicinity

of the plant. About 50 men are employed.

Toronto, Ont.—The need of diverting Bloor Street to

provide for the construction of a viaduct over the Humber
River at some future dale has been brought to the atten-

tion of the Board of Control by K. Home Smith. The
matter has been referred to Works Commissioner Harris.

Montreal, Que.—The reason for the increase in the

capitalization of the Nova Scotia Steel and Coal Company,
which was authorized at the annual meeting a few weeks

ago, is now becoming apparent. It is now believed that

the company will soon embark upon the steel shipbuilding

industry.

Montreal, P.Q.—The Canadian Research Bureau has

been established by the Canadian Pacific Railway. Its

purpose is to investigate and study the natural resources

of the country in a scientific manner. Research labora-

tories will be established at different points in the

Dominion.

Victoria, B.C.—According to Jos. J. Warren, presi-

dent of the Kettle Valley Railroad, the line from Nelson

to the coast will not be put in operation until July ist.

The delay has been caused, it is said, by the heavy snow
Only miles of line remain to bein the interior,

completed.

Peterborough, Ont.^The township of North Mon-
aghan is doing roadwork on broader and more extensi\e

lines this spring than it has attempted heretofore. The
work for the most part consists of rebuilding and repair-

ing gravel roads. A new road drag has been purchased

by the authorities.

Toronto, Ont.—Dr. T. Kennard Thomson has out-

lined a scheme for a new power development at Niagara

Falls. Dr. Thomson's scheme is to build a dam several

miles below the Falls and thus preserve the natural

beauties of the district, the water being used after it

passes over the Falls.

Victoria, B.C.—The Provincial Government is con-

sidering a project for the development of the water power
possibilities of the province on a large scale, according to

an announcement by Hon. Lome Campbell, Minister of

Finance, who was the guest of honor at the annual meet-

ing of the Victoria Board of Trade.

Welland, Ont.

—

At a joint meeting of the Council and

the Hydro-Electric Power Commission a statement was
made that the consumption of hydro power had reached

73,000 horse-fjower. This, it is said, is 'the greatest

amount owned by any municipality in Ontario. The plant

has showed a surplus ever since the first year of operation.

The Pas, Man.—Steel laying on the Hudson Bay
Railway will be resumed on May ist from mileage 242.

The steel cantilever bridge at this mileage has been com-
pleted and trains will be operated over it shortly. There
is a demand for railway laborers and 1,000 men are re-

quired to carry on the season's construction programme.

Winnipeg, Man.—The waters of the Red River have
been in flood and damage amounting to thousands of

dollars has been done. Sewers have been undermined and
pavements have collapsed. Many buildings have been
damaged by their cellars being flooded and foundations
weakened. The railways operating out of here have had
great diflficultv in keeping their lines open.

VANCOUVER BRANCH. CANADIAN SOCIETY OF
CIVIL ENGINEERS.

E. G. Matheson, M.Can.Soc.C.E., gave his postponed

lecture on "Pneumatic Foundations" on April 13th last.
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ACCELERATED PAVEMENT TESTS.

Accelerated pavement tests are receiving the attention

of a great many highway engineers and chemists, and it

is quite likely that in a few years some method will be

invented which will enable the engineer to ascertain to a

greater degree of certainty, before be builds a pavement,

just how long that pavement will last.

In a recent lecture at Columbia University, C. N.

Forrest, chief chemist of the Barber Asphalt Paving Co.,

said that a series of tests which could be applied to the

pavement in place would be more satisfying to the engineer

than !he type of tests now employed.

Admittedly this is true : but the suggestion seemed so

far in advance of any practical methods that are available

at the present time, that The Canadian Engineer inquired

of Mr. Forrest whether he had any idea as to how such a

series of tests could be made.
Mr. Forrest replies that he cannot figure out any test

such as he suggests would be desirable if someone could

kindly invent it. An interesting point in Mr. Forrest's

reply, however, is that the design of physical tests, for

laboratory use, upon the equivalent of the pavement in

place, i.e., compressed test specimens of the composition

or mixture as a whole, is now fairly well worked out for

sand and fine stone aggregates.

These tests, applied at extremes of temperature, indi-

cate the relative value of different proportions of raw
materials, so that the best combination thereof can be

adopted as a standard for the entire work in which they

are to be used. They also indicate the relative value of

various proportions of any asphalt when considered in con-

nection with the mineral aggregate that is available.

It is possible to determine the degree of plasticity of

the mixture, i.e., its capacity to resist pushing and its

resistance to wear by attrition. Having selected the

materials for the work, and the best proportions, the chief

consideration in this test scheme, in getting the mixture
in place in the street, is proper compression. A measure
of compression is the specific gravity of a sample taken
from the pavement after compression.

Chemical analysis of the mixture, penetration of the

asphalt cement, etc., will serve for plant control, says Mr.
Forrest. If such a plan of operation is sufficient for the

purpose, then any, failure in the street later on would
probably be due to workmanship or to engineering details

such as drainage or strength of concrete base.

SEWAGE DISPOSAL PLANTS NEEDED.

The city of Lethbridge, which has been suffering from

an epidemic of typhoid fever this spring, has presented a

memorial to the premier of .Alberta asking that the

government compel towns to construct sewage disposal

systems. According to Dr. Jamieson, the provincial

bacteriologist, who has been investigating conditions at

Lethbridge, the cause of the epidemic there is due to a

polluted water supply. The city of Lethbridge procures

its water from the Old Man River, and it is chlorinated.

It would seem, however, that the degree of chlorination

has not been sufficient to prevent the present epidemic.

Doubtless under normal conditions the amount of

chlorine used would have been ample, but under condi-

tions such as are alleged to have existed, it was in-

sufficient.

Dr. Jamieson carefully examined all probable sources

of infection. The milk supply naturally was among the

first of the city's organizations to come under suspicion;

but here no fault could be found. All the dairies serving

the city were found to be free from bacteria. The water
supply was the sole source of trouble. Water samples

which had been sent to Edmonton several weeks before

the epidemic broke out had been pronounced potable.

Evidently, then, the water had been polluted in the interim.

Old Man River and its tributary watershed were investi-

gated. It was found that the town of Macleod had had
an epidemic of typhoid during the months of October and
November last year, and that they were dumping raw
sewage into the river. Spring freshets washed down-
stream all the impurities that had been deposited during

the winter.

It is only fair that all towns discharging sewage into

streams that are used as sources of water supply should

treat their sewage before doing so. If a town will not

take precaution to safeguard the health of its neighbors

by looking after its own disposal of sewage, then such

measures as are suggested in the memorial prepared by

the city of Lethbridge, are most certainly needed.

LETTER TO THE EDITOR.

Stresses in Concrete Arch Dams.

Sir,—Mr. W. Gore's remarks in The Canadian
Engineer of March 30th, 1916, regarding the desirability

of relying upon "initial stress" to assist the stability of

a concrete arch dam have been carefully read. The writer

takes pleasure in attempting to answer the questions,

especially because it is evident that Mr. Gore has given

the subject considerable study.

Suppose the "initial stress" does not assist the

stability of such an arch dam, and this it does not in arch

dams carelessly constructed, then more load would be

thrown on the cantilever, some more load taken up by
shear action in the lower portion of the dam along the

foundation, and some additional load thrown on the arch

towards the crest. On a high, slender section this con-

dition may cause higher cantilever stresses than desired

;

that is, high compression at the toe.

Fortunately, however, full load is not thrown on such

structures in an instant, but weeks or perhaps months are

generally required to fill up the reservoir. During this

interval the modulus of elasticity of the concrete has had
time to adjust itself according to the different amount of

stress thrown on different portions. Due to the action of

the time factor (for concrete only), parts highly stressed

such as the toe, deforms much more than in proportion to

the load carried, and, of course, as the concrete yields,

more load is transferred to some other place of lower

stress, thereby relieving the most highly stressed part.

That is one reason why Formula 8, page 321, is empirical.

For the benefit of anvone interested in the action of the
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time factor upon stress and clclorinaiion, the writer wishes

to refer to two papers read at tlie Twelfth Annual Con-
vention of the American Concrete Institute in Chicago,

February, 1916. One by Mr. Earl B. Smith, entitled

"Concrete Flows Under Sustained Load," abstracted in

The Engineering Reoord of March 4th, 1916. The other

paper, entitled "Tests Showing Continued Deformation

Under Constant Load," By Prof. A. H. Fuller and Prof.

C. C. More, University of Washington, Seattle, Wash.

For carefully constructed dams the writer feels that

the theory holds true. High, massive arches should be

provided w-ith contraction joints, say, 50 feet apart (on

small dams these are not necessary as the section is more
flexible), and the structure built up in alternate sections

between contraction joints, the closing being effected

during cold weather. The dam should not be built too

fast, 20% plum stones should be used if practical. In

addition, on important work, the contraction joints should

be provided with grout pipes to facilitate the grouting of

these joints under pressure during , cold weather with
reservoir empty after having been full at least once.

Such a dam structure is likely to follow the theory in

its action; it is very likely to be absolutely watertight,

and, of course, safe, if designed for reasonable stresses,

say, less than 30 tons per square foot. According to the

writer's view, careful construction is more important than
the use of low stresses in the design. The concrete used
should have a crushing strength of approximately 1,200
lbs. per square inch when 28 days old.

The writer wishes to point out the possibility of con-
structing an arch dam in such a manner that the stresses

are actually better distributed than Formula 10, page 322,
w'ould indicate. This can be accomplished by using many
plum stones in the concrete along the upstream face, and
few or none along the downstream face, thereby making
the shrinkage due to setting less along the upstream face,

and also making the modulus of elasticity higher along
this face, both of these conditions tending to effect a
transfer of stresses from the downstream face towards
the upstream face, and also tending to lessen the canti-
lever stresses at the downstream toe, making all stresses
more uniformly distributed than the formulas would indi-

cate they are.

LARS JORGENSEN.
San Francisco, Cal., April nth, 1916.

PERSONAL,

OBITUARY.

COLIN McLEAX, one of the best-known contractors
on the Atlantic seaboard, died at his home in Baltimore
recently of pneumonia. He was born in Nova Scotia
seventy-two years ago. Among his undertakings were the
construction of the foundations for the Statue of Liberty
and Brooklyn Bridge.

Dr. WILLIAM FREDERICK KING, chief astro-
nomer of Canada and commissioner for the survey and
marking of international boundaries, died on April 23, at

the observatory residence, Ottawa, Ont. The late Dr.
King was born at Stowmarket, Suffolk, England, 62 vears
ago, coming to Canada with his parents eight years later.

He entered the ser\'ice of the Dominion Government in

1872 as assistant astronomer on the North American
Boundary Commission, and became inspector of surveys
for the Dominion in 1881. He was made chief inspector

of surveys in 1886 and chief astronomer of the Department
of the Interior in 1890.

J. H. McMillan, of Cumberland, has been ap-

f>ointed inspector of mines with headquarters at Prince

Rupert, B.C.

H. D. CAMERON has been appointed mechanical

engineer of the Canadian Northern Railway, with office

at Toronto, Ont.

JOHN AHEARN has been appointed superintendent

of the Ottawa Street Railway. Mr. .'\hcarn has been with

the company for 15 years.

A. J. RAND.iXLL, formerly manager of the Saskatoon
Iron Works, Saskatoon, Sask., has gone to Winnipeg,
where he will take an officer's course.

G. V. H.ASTINGS has been appointed by the Winni-
peg city council to succeed J. H. .VSHDOWN as one of

the commissioners on the Winnipeg and St. Boniface

Harbor Board.

W. H. DINSMORE has been appointed traffic super-
intendent of the Vancouver city and suburban lines of

the British Columbia Electric Railway, succeeding Mr.
James Hilton, resigned.

FREDERICK KEFFER, mining engineer, Spokane,
Wash., has left for .Ashcroft, B.C., where he will take

charge of constructing a concentrator for copper ores of

the Highland Valley Company.

E. D. W. COURTICE, assistant superintendent of

the John Street pumping station, city of Toronto, has
resigned his position to enter the employ of the Hare En-
gineering Company, Limited, as assistant engineer.

R. S. LEA, M.Can.Soc.C.E., Montreal, has been in

attendance at the session of the International Waterways
Commission, Washington. Mr. Lea reported to the Com-
mission on the level of the Lake of the Woods, Manitoba.

ARTHUR D. LITTLE will have charge of the new
Canadian Research Bureau which is being established by
the C.P.R. Mr. Little is a past president of the American
Chemical Society and a member of the Institute of

Chemical Engineers.

G. H. STEVENS has resigned his position as

electrician-in-charge of the Fort Erie district for the Cana-
dian Niagara Power Company, and commenced his duties

as power apparatus specialist. Northern Electric Company,
Montreal, on April ist.

R. P. TRIMBLE, mining engineer, Portland, Ore.,

has returned from a trip to California and is leaving im-

mediately for Telkwa, B.C., to commence development

and take charge of operations at the Cassiar Crown Cop-

per Company's property.

\MLLIAM G. MURDOCH, city engineer of St.

John, N.B., addressed the engineering students of the

University of New Brunswick recently on the Suspension

Bridge. His address was very instructive and much ap-

preciated by the engineers.

Lieut. N. H. DANIEL, B.A.Sc, who left with the

Divisional Cyclists Corps as a private and was later

granted a commission in the Tenth Motor Machine Gun
Battery, has been wounded. Lieut. Daniel is a graduate

of S.P.S., Toronto, and was a member of the rugby team
in his final year.

BLAIR RIPLEY,- M.Can.Soc.C.E., who has had
charge of C.P.R. grade separation in Toronto, has been
appointed to command a new construction battalion with

the rank of Lieutenant-Colonel. The battalion will be
compQsed of men engaged in bridge building, railway

construction, roadwork and general construction for over-

seas service.
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THE ROLLING AND FLOATING STEEL CAISSONS OF THE
LEVIS DRY DOCK AT LAUZON, P.Q.*

Part II.

.\ DETAILED DESCRIPTION OF THE DESIGN, FABRICA-
TION AND ERECTION OF THE FLOATING CAISSON.

By LESSLIE R. THOMSON, B.A.Sc, A.M.Can.Soc.C.E., Assoc.M.Am.Soc.C.E.,
Engineering Staff, Dominion Bridge Co.

IX
a previous article the rolling caisson and its intri-

cacies were described ; in this, the floating caisson,

while radically different from the rolling gate, will

probably be found to lend itself more readily to an
easy and understandable description.

The floating caisson of this dock is a large structure

designed to be floated to and then swung across the berth

entrance, sunk with its bearing pieces against the sills,

subsequently, when berth is emptied, to act as a dam

length at elevation of bridge deck is 133 feet 6 inches.

The depth of the structure is 50 feet. The cross-section

shows clearly the arrangerrient of the chambers and decks,

which are named as follows : Keel, ballast chamber, deck
E, air chamber, deck D, tidal chamber, deck B, motor
and floor stand space, and deck .\ (traffic deck).

The ability of the caisson to successfully float or sub-

merge itself as required by (i) and (2) will be discussed

fullv later.

Line Diagram of the Floating Caisson.

against the sea water, and to afford passageway from one
wall to the other. It must consequently possess four dis-

tinct characteristics: (i) It must be able to float when
desired. (2) It must be capable of being submerged at

will. (3) It must be strong enough when acting as a stop

gate to carry the tremendous hydrostatic loads and
transmit them to the sills. (4) While in position it must
proxide a passageway for light traflSc.

The caisson in general outline is shown in Fig. i. It

will be noted that the keel section is straight, likewise the

stems, which are, however, flared so that the overall

*Extract of part of paper read before a meeting of the

Mechanical Section of the Canadian Society of Civil Engineers
It Montreal, March 30, 1916.

None of tlie mechanical equipment of the caisson is

shown in Fig. i, which is only intended to illustrate the

general outline of the gate and the arrangement of its

decks and chambers, consequently there is no indication

given of even the six large 42-inch filling culverts which
run completely through the caisson, and through whose
agency the berth is flooded when desired.

.A.t the very bottom of the structure is seen the con-
crete ballast, enough of which is placed to enable the

minimum draft of caisson (no water ballast whatever) to

be 22 feet 6 inches, thus giving 2 feet 6 inches clear over
sills at low water, mean spring tides.

It will be next noted that the tidal chamber does not

rim the full length of the caisson, but is only abofut 84
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feet lonj;, leaving: a large air space at each end. These

spaces are used as machinery chambers, and in them are

placed the motors, valves, vahe controls, drains, etc.,

necessary to either float or submerge the gate.

It will be noted that the two ends are tapered to meet

the stem pieces—in a somewhat similar way to a ship's

bow, but the lines are not at all easy, being straight and

rather blunt. This was done, of course, to aid the fabrica-

tion of the gale, as very few bridge companies have

facilities to handle a large amount of curved plate work

—

so easily accomplished in a modern ship yard.

Passing now to the top, there is installed within a

watertight box, a 15-h.p., d.c. motor used to drive a long

horizontal countershaft from which are actuated, through

floor stands, the various main valve stems. The motor is

controlled from the outside of its box by an extended con-

troller shaft, and it will be at once seen that the operation

is practically identical with that of the rolling caisson.

Above the valve-operating devices is located the traffic

bridge provided with folding rails. At the ends of this

bridge cantilever brackets are used to support its corners

enabling the bridge to terminate with its clear width. In

order liiat the gate may swing in to its berth under all

Fig. 2.

variations of tide, the masonry coping has been moulded

to the necessary clearance.

The structural design of many parts of this caisson

presented certain features rarely encountered, but before

going into anv detail, a short resume of the general design

may "not be out of place, .-^s in the rolling caisson, the

department had proposed a general scheme upon which

bidders were asked to tender, with the clear understanding

that a certain amount of latitude to suit their own par-

ticular fabricating requirements would be given. Messrs.

M. P. and J. T. Davis, the successful tenderers, sub-

mitted a fairly general design of their own ; and this

design was accepted, after a few changes had been agreed

upon, in order to satisfy the requirements of the depart-

ment of public works. The most important of these

changes was the substitution of flared stems instead of

vertical ones. On this amended layout the Dominion

Bridge Co. then tendered to Messrs. M. P. &• J. T. Davis,

and on accepting the tender Messrs. Davis required the

Dominion Bridge Co. to check all stresses and sections.

During the course of this work certain changes were

recommended, chief among which may be inentioned the

increase of the width of keel and stems from 18 inches to

4 feet. This point will be touched upon a little later.

As in the rolling caisson, the main stress unit required

bv specification was 12,000 lbs. per square inch ; and these

specilications also required lli:il llic whole gate shouUl be

reversible.

The hydrostatic loading against the caisson when

acting as a gate was assumed to be triangular with a depth

of 411.25 feet, making a imit stress .-il the hottnni ol 2,885

lbs. jier square foot.

This loading is, of course, applied directly to the skin

plates which in turn deliver it to the frames of which there

are two kinds
—"strong frames" and "light frames"

—

corresponding to the ribs in ordinary ship construction.

The light frames, placed at i-fool g-inch centres, pick up

liieir portion of the skin load and deliver it through longi-

tudinal pieces to the strong frames, which lo.id the main

Fig. 3.

horizontal plate girders constituting decks E, D and B.

The distribution of the actual loads to these respecti\e

girders was accomplished in an exactly similar manner to

that used in figuring the loading of the trusses of the roll-

ing caisson, illustrated in Fig. i of the article on the

rolling caisson. On this basis, then, the loading to deck

B is 4,260 lbs. per lineal foot; to deck D, 14.760 lbs. per

lineal foot ; to deck E, 25,680 lbs. per lineal foot, and the

keel sill, 21,900 lbs. per lineal foot.

The design of the stems afforded one of the most in-

teresting features of the whole gate. The reactions of the

girders are as follows: B, 281,000 lbs; D, 950,000 lbs. ;

E, 1,590,000 lbs., and it is the duty of the stem girder to

distriliute these high ronccntr:ilions over as much of the
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sill area as possible. The iiccessily for this will be evident

after a glance at the following figures. If, for example,

the reaction of deck E be delivered over an area of 15

inches x 15 inches (the space immediately under its own
bearing pieces) the resulting load on the oak is approxi-

mately 7,100 lb?, per square inch. This is evidently the

worst case, namely, that in which the stem is not distri-

Fig. 4.

buting the reactions at all. On the other hand, suppose the

stem distributes the load uniformly over 13.13 feet (equals

lA of 9 feet + ]4 oi 17.25) giving a load on the oak of 840
lbs. per square inch. It is apparent that even under these

ideal conditions the load is very heavj- and hence the im-

portance of the stem is realized. In passing, it may be

noted that the oak bearing pieces are enclosed by steel

angles.

The keel was designed to be quite similar to the stems
with, however, several changes due to the distinct dif-

ferences in the duties of the two members. The function

of the stem was to receive two highly concentrated loads

and distribute them over as large an area as possible. The
duty of the keel is, however, to receive and transmit

directly to the sills a uniformly distributed load. Hence
it is apparent that no bending moment will be developed

within the keel, nor will there be any extremely heavy con-

centrations. It was, therefore, possible to reduce the

flange material very markedlv and also to dispense with

the necessity of bearing between webs and flange plates.

.\11 stiffeners, both inner and outer, were accurately fitted

by milling to bear against the flange angles, and these be-

came excellent paths for the load distribution. Breast

hooks were also supplied at every weak frame, viz., at i-

foot g-inch centres. These breast hooks are clearly seen

in Fig. 2, taken during the yard assembly.

.Additional stiffness for the tidal chamber portion is

gained by the presence of the heavy diagonal fenders

which are stiffened half-way up by 24-inch gussets.

These fenders, besides aiding in a very effective way
the sway bracing system, are necessary to preserve the

exposed portions of the deck against injury from falling

bodies of any kind. They are shod throughout their whole
length with 12-inch x 12-inch white oak, which serves as

a buffer against contact with berth walls should any local

disturbance cause violent rocking of the caisson when
floating. Wooden strips are also inserted in the chords
of decks E and D. These are 12 inches x 12 inches and,

naturally, run completclv around the caisson, and act as

buffers against injurv during those times that the gate is

floating beside one of the do<k walls.

The bearing strips of this caisson are all white oak.

The thickness of these varies from point to point along
the stem and keel, depending on the number of flange and

splice plates inserted. In addition to these oak bearing

strips there are buffer strips to absorb the shock as caisson

is settling on to the bottom or oscillating against berth

walls. Owing to the lay-out of the keel and stems, the

axis of this caisson during contact with masonry may be

quite oblique with no danger of steel touching masonry.

The structural design of the rest of the caisson fol-

lowed along usual lines, and offers no field for any ex-

tended comment.

The layout, however, of the trafhc bridge possesses

certain points of interest that may with advantage be
briefly described. .As mentioned previously, the floor

stands are situated on deck B, which is about 4 feet below
the bridge. Consequently, over each floor stand a hatch

had to be provided, and each hatchway is large enough to

allow space for a checkered plate stairway from the steps

of which the attendant may operate the floor stand

mechanism. These hatches are well over to one side of

the bridge.

In addition to the floor stand hatches there are five

others—two main hatches, two ladderway hatches leading

to the tidal chamber, and one motor box hatch. The main
hatches lead directly into the machinery chambers and are

large enough to admit the passage of any of the pieces of

mechanical equipment. In order that a motor and pump
might not have to be disturbed to give passage, for ex-

ample, to a 42-inch valve being removed for repairs, the

hatchway was oftset from the centre line of the motor by
about 4 feet 6 inches. It is through these main hatches,

also, that the scuttling valves are operated. The ladder-

way hatches merely give direct access to the tidal chamber,
and the remaining hatch to the watertight motor box and
controller handles.

The fabrication of the steelwork of the floating

caisson presented several problems only met with at very

infrequent intervals by a bridge company. Especially was
this the case in regard to the ends of the structure, which
are similar to ships' bows.

Fig. 5.

In order to simplify as much as possible the lay-out

and detailing of these curved portions, an accurate wood
and cardboard scale model of one-half of one end was con-

structed. This was made by the template shop shortly

after the main design features were settled ; and the scale

selected was i'^' inches to the foot. Fig. 3 shows this

model verv distinctlv. The name sheet is fastened to the
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Willi i>l ilu' air chamber (555(3 being the coiilracl iiuiiiber

of Ihe work), wiiile the sheet of plain paper above is on

the wall of ihe machinery chamber.

The photot',ra])h of the iiuxlel shows clearly a mimbcr

of interesting points which may 1)c nametl without turther

Fig. 6.

comment—shape of skin plates, amount of skin plate in-

cluded in the shop riveting; of the stem portions, the re-

tention of vertical frames throughout (the blacksmith shop

taking care of the bent and warped work introduced), the

position of the breast hooks, and one of the filling culverts.

The plates were detailed as completely as possible.

In certain of the more diflficult portions of the bent work

the drawing office developed the plates and showed the

general position of all rivets, but left the exact location of

them to the template makers. In order to insure that the

work would go together without loss of time or material,

it was decided to assemble the templates in the shop before

sending them out, and Fig. 4 shows this assembly. It

will be noted that the caisson is, as it were, lying on

its side.

.\s an additional precaution, it was decided to as-

semble in the yard the whole lower portion of the floating

caisson, and the accompanying photographs clearly show

the progress of the work, .\ttention might be called to

the immense size of the gate, necessitating its yard as-

sembly by the largest travelling crane in the possession

of the Dominion Bridge Co.

The caisson, in order to carry out the service required

of it, must be capable of submerging itself, becoming

buoyant, and when acting as a gate it- must allow ballast

water inside to rise and fall freely with all changes of the

tide. To submerge the caisson, valves are located in each

stem ; these admit water until the degree of submergence

desired is reached. To become buoyant, two pumping
units installed in the machinery chambers at each end of

the caisson pump the water out until the caisson floats.

Each unit consists of one 100 h.p., 2-hour rating, 1,150

r.p.m., 550 volts, \erlical d.c. motor, direct connected to

an 18-inch axial flow, Mather it Plait centrifugal puinp.

The cajjacity of the pump at about 1,200 r.p.m. is 5,000
gallons per minute against a head of 40 feet.

When it is desired to close the berth the caisson

will be pulled across the entrance and fitted to the

keel and stem blocks. This will usually be done at

low tide. If not, and there is no need for haste to close

the berth, the tide will be allowed to fall to its lowest point

before any submerging is done. An operator will then go
to the swinging valve levers and pull them from vertical

position to the horizontal. The caisson will immediately

commcn<-e to flood its ballast chamber and will naturally

begin to settle. As soon as the keel is resting evenly on
its keel bed, the bridge ends will then necessarily be in

their proper position, and the gate is therefore able to

provide a communicating bridge for traffic between the

two sides of the berth. The berth is then emptied in the

usual way and the gradually increasing pressure against

the gate tends to seal it more and more securely against

the sills. The rising tide flowing freely through the main
fl<K>ding valves gradually will fill the whole ballast chamber
and thence will find its way through the two waterways to

the tidal chamber. This process will be automatic as no
attention need be gi\en the valves once they are opened.

A\'hen it is desired to flood the berth, the valve motor
is started and an operator then engages in succession the

clutches that actuate the vahe stems of the six 42-inch

diameter valves. These admit enough' water to quickly

flood the berth.

When the elevation of the water on each side of the

gate is the same, the two flooding valves are closed by
swinging up the control levers. This prevents the entry

of any more ballast water. The tw-o centrifugal pumps
are then started and the caisson will be gradually emptied

of its ballast which will, of course, enable it to float. Once
it becomes buoyant it may be towed away from the berth

entrance and placed where desired.

The free play of the tide w-ithin the caisson is accom-
plished bv the main flooding valves, and the importance

Fig. 7.

of this unrestricted movement of the ballast water cannot

be overestimated. The reason for this statement is readily

seen when it is realized th.U the caisson, when berthed,

must ha\ e increased water h.illast for each rise ot the tide;
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otherwise the incoming tick- would tend to lift it vertically,

and slide it along the sills. Should this ever happen, it

would mean heavy wreckage and probable loss of life

within the berth, due to the sudden inrush of water. The

only vvay to prevent this is to allow an increasing amount

of water ballast within the structure as the tide rises and

thus insure its stability against the hydrostatic uplift. The
thing to guard against was, therefore, the closing of the

main flooding valve when the caisson is submerged and

acting as a stop gate. This point was felt to be so im-

portant that it was decided to make the control of the

flooding valve of such a nature that it would be humanly

impossible to have it closed when circumstances would

demand its being open. It will be remembered that when
the caisson is berthed it is designed to act as a crossing

between the two sides of the dock, there being a com-

municating bridge on the top. Consequently, if its road-

way were artificially obstructed until the main valves were

in the open and safe position, it was agreed that there

would be small danger of the valves being left closed

through inadvertance. The visual effect of a large notice

board blocking the roadway, which could only be put out

of the way by leaving open the main flooding valves, was
thought to be a surer guarantee of safety than any at-

tempted interlocking device between valve stems.

The erection of the floating caisson was carried on

simultaneously with that of the rolling, the arrangement
effecting a great economy in the use of the derrick car.

The heavy keel section was placed on a series of

wedged keel blocks placed approximately at 3 feet centre

to centre. These were carefully lined up and adjusted so

that the keel came to an absolutely true bearing. The
frames were then assembled up to elevation of deck E.

From this point on no particular difiiculty was encountered.

Messrs. M. P. and J. T. Davis, with Mr. S. H.
Woodard as chief engineer, are the general contractors

for the whole dry dock project ; and all the work in con-

nection with these two steel caissons was given to the

Dominion Bridge Company, Limited, Montreal, as sub-

contractors. Of this company Mr. G. H. Duggan is

general manager ; Mr. F. P. Shearwood, assistant chief

engineer; Mr. .A. E. Johnson, mechanical engineer, Mr. P.

L. Pratley, designing engineer and Mr. D. C. Tennant,

chief draftsman, while to the writer was entrusted the

direct charge of the work from its early stages. Changes
in design were onlv made after consultation with the De-
partment of Public Works, Ottawa, represented by Mr.

U. X'aliquet, supervising engineer, and Mr. S. J. Fortin,

structural engineer. Thev had also the approval of all

detail drawings.

SOME SUGGKSTIONS PERTAINING TO THE
OPERATION OF WATERWORKS PLANTS.*

By the beginning of September, igi5, without reckoning
roads constructed in the region occupied by the field army,
work had already begun on the construction of a network of

Russian State railways with a length of 3,530 miles, to cost

$315,368,000. The construction has been sanctioned of new
lines totalling 300 miles at a cost of $26,478,000, and the

building was proposed of new railways totalling 1,812 miles,

at an outlay of $196,194,000. In all, these new lines and
branches have a length of 5,645 miles, and for their construc-

tion is demanded about $538,000,000. The realization, how-
ever, of proposals for the building of new lines has been
postponed till the end of the war.

At Drammen. Norway, new zinc works are about to be

started for the extraction of zinc by an electric wet process,

invented by a Belgian engineer, M. Sturbelle. Raw materials

for the first year, about 10,000 tons, have been secured, and
special attention will be paid to ores containing from 8 to 30

per cent, zinc, which have hitherto been considered as really

worthless.

By John W. Toyne.

Ti I li operation of a waterworks plant is csst-ntially

a question of management, and in the present paper

I have treated it exclusively from this viewpoint.

The management of any utility consists of two

distinct features—the management of the physical plant

through the utility's operating force and the management

of the utility's business relations with its customers. This

is equally true whether the utility is privately or munici-

pally owned. .Applicable, too, to both, are the several

regulations recently adopted by the public service com-

missions in Indiana as well as other States.

The management of the physical features of a utility

is an engineering problem, and I use the term "engineer-

ing" in its broader sense, which includes experience, sound

judgment and the ability to build and maintain a loyal

organization, as well as the essential theories taught us

in the technical schools. Any one of these alone is good ;

all are absolutely essential in order to attain the most

desirable results, and as in any line of endeavor really

worth while there is no "royal road" to real success.

The questions that continually confront the manager

of a utility are : Of what does my plant consist ? What
is its value? Of what is it capable? Is it rendering the

highest possible efficiency? Is it rendering the best service

possible? What provisions must be made to meet chang-

ing conditions? Is anything being overlooked that is

essential? Does it pay?

I am afraid if we were asked these or similar ques-

tions a great many of us, at least, would experience some

little difficulty in assuring even ourselves that we really

knew the answer.

Is it sufficient, from the standpoint of the manager, to

sum up one's plant as so many acres of land, so many
buildings, certain pumping machinery, so much power

generating equipment, so many miles of distribution pipe

lines, so many hydrants, valves, meters, etc., enumerating

only the physical items? Does not the human element,

the operating force, enter as largely into the make-up of a

plant as its mere physical properties?

Given the best equipment, the most scientifically de-

signed distribution system and an unfailing supply of

water, and still your plant is sadly deficient if this feature

has not been properly provided.

.\ knowledge of the value of the plant, not only in its

entirety but bv units, is essential in order that provisions

may be made for replacements as well as a fair return

above maintenance during their useful life. In my own
work I have adopted the system of permanent, unit in-

ventory, showing for each unit, wherever possible, date

of purchase, manufacture, purchase price, cost of installa-

tion, probable life, depreciation annuity and present value.

In a great many cases the compilation of an inventory of

this character is a really formidable undertaking, owing

to the incomplete and inaccurate data of record necessary,

but once developed it is of inestimable value to the

manager, even though frequent corrections or adjustments

must of necessity be made.

Every manager cannot only well afford but cannot

afford not to paraphrase Pope into "Know, then, thy

plant" ; not only its value, either its cost or appraised unit

*Read at annual convention of the Indiana Sanitary and

Water Supply Association.
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value, but its capabilities, the utmost duty that can be de-

rived from each unit, the percentage load that will render

the hiijhest etiiciency, taking into consideration the interest

charge on the investment, the deprw-iation accruing and

tlie continual advance being made toward more perlectly

eHicient machinerv by the manufacturers. This can be

determined only by actual tests intelligently conducted

;

;ind the results, to be of value, must be so compiled as to

be available for comparison with performance data in

operation, as only in this way can the operation be brought

10 even approximate the ideal.

The standard by which everything must be measured

is the service rendered ; this applies not only to the service

rendered by the plant to the utility, but by the utility to its

customers. The service rendered the utility by its plant is

governed entirely by the manager ; by his ability to know
his plant, to build and maintain an organization loyal to

him and his aims, to derive the highest efficiency possible

from his plant, to anticipate the demands of changing con-

ditions and make the necessary provisions.

The determination of the value of the physical plant,

together with the point of highest operating efficiency of

each unit, represents but a small portion ot the manager's
work in securing the best possible service from his plant.

The work of building and maintaining a loyal organi-

zation is fully as important and requires infinitely more
ability, judgment and application. It is, in fact, the test

of the real manager, as the service rendered the utility by
its plant is entirely dependent on this element. Personally,
I have had no success with any form of organization
having more than one head. This applies not only to the
utility as a whole, but to each department and bureau, and
in this connection one must always remember responsibility
fixed cannot exceed the authority granted. To me, a
bureau, department or utility with more than one head, a
job with more than one boss, is as ridiculous as a two-
headed hen.

In building his organization the manager must know
the results desired, the qualifications necessary to get the
results, and must be able to judge human values with this
m view, otherwise he cannot hope to have a well-balanced,
efficient organization. The manager's work is not com-
pleted with the building of his organization. To be of
real value it must be maintained. It has none of the
attributes of perpetual motion other than the constant ex-
pense. Its maintenance requires a world of tact, infinite

patience, and, above all, absolute fairness, with a real
knowledge of his physical plant, its value and possibilities
with an operating force properly organized and thoroughly
loyal

;
the service that can be commanded from its plant

by a utility is limited only by the ideal.

The service rendered its customers by a utility is

equally dependent on the manager for the attitude of his
operating force will be largely a reflection of his own. He
must always bear in mind that his customers have a right
to expect prompt service cheerfully rendered, as well as
courteous attention at all times. .Absolute fairness is as
imperative in the manager's dealings wdth the customers
of the utility as with his operating force, as in no other
way can he build up a real "good will" asset.

Standards of service are being established by the
several public service commissions. .A great many of
those prescribed have been exceeded for years by a number
of the utilities. Others will, I believe, work a real hard-
ship on the utilities without materially adding to the ser-
vice rendered the customers of the utility.

Every manager is continually confronted with chang-
ing conditions, not only as it affects the physical plant but

in the service requirements, the incJrease in population

served, the extended area covered by his distribution,

changes in direction of the city's growth; all these inti-

mately affect the utility and must be anticipated by the

manager if he would avoid serious embarrassment in

serving his customers.

If a manager really knows his plant as outlined he

will not only be in a position to know, but will know
whether it pays, and how well.

In my own work I have found that a slight change in

the method of firing saved tons of coal in generating

steam ; that apparently slight changes in piping prevent

unnecessary waste of energy ; that a careful routine saves

hours of unnecessarv labor in reading meters and deliver-

ing bills ; that a division of the city into payment districts,

while in no way reducing the service to the consumer,
saves the utility approximately a thousand dollars per

year in office labor.

In the item of permanent records of his plant, a

manager can, through careful selection or development of

forms and accuracy in their use, save much unnecessary

labor and render better service. I have found card systems

and loose leaf records more flexible and, consequently,

more readily adapted to the requirements of a utility.

To sum up, the manager must be all things to his

utility and his customers. He must always be in touch
with his plant, with his operating force, with his customers
and with his field of work in general, as no utility can exist

for itself alone. There is a constant advance in equip-

ment, methods and service, and only by keeping fully

abreast can any manager hope to render the best service

to his utility, its customers and himself.

RAILWAY EARNINGS.

The following are the railroad earnings for the first

three weeks of April :

—

Canadian Pacific Railway.

1916. 1915.
April 7 $2,482,000 $1,766,000 +$716,000
.April 14 , 2,577,000 1,701,000 + 876,000
-April 21 2,343,000 1,623,000 + 720,000

Grand Trunk Railway.

.April 7 §1,155,486 $1,008,320 +$147,166
-April 14 1,024,505 864,658 + 159,847
-April 21 1.059,661 869,772 + 189,889

Canadian Northern Railway.

-April 7 $ 677,000 $ 457,000 + $220,000
April 14 668,900 463,700 + 205,200
.April 21 634,000 442,300 + 192,000

The Canadian Northern Railway's figures for March
are as follow :

—

igi6. 1915.

Gross earnings - . $2,607,000 $1,898,500 + $708,500
Expenses 2,240,600 1,397,700 + 842,900
Net earnings 366,400 500,800 — 134,400

Mileage in operation. 8,270 7,181 + i,o8g

The company states that the decrease in net earnings
compared with last year is due to snow blockades and other

interruptions to movement of traffic, which increased operat-

ing expenses abnormally^

The March comparative figures of the Canadian Pacific

Railway are as follow :

—

1916. 1915- Inc.

Gross $10,380,981 $7,852,989 $2,527,992
Expenditure 6,959,651 4.879.974 2.079.676

Net $3,421,330 $2,073,014 $ 448,3'.=;
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REVIEW OF 1915 PAVING WORK
ANNUAL REPORTS OF CTTV AXU TOWN ENGINEERS THROUGHOUT CANADA SHOW
THAT THEV ARE DOING "BUSINESS AS USUAL" — SUMMARY OF TOTAL AMOUNT
OF PERMANENT PAVEMENTS NOW LAID IN SOME OF THE CANADIAN CITIES.

B
L'SINESS as usual" appeared to be the slogan of

most of the Canadian cities and towns during

1915, at least so far as paving work was con-

cerned. True, in some oases a falling off in work
was evidenced, but, on the other hand, many of the towns

did more work in 191 5 than in 1914.

Of special interest is the report of the six largest cities

in the Dominion. Toronto spent $1,327,108 on new
pavements, which was Sioo,ooo more than was spent in

1914. Montreal spent 81,388,967 in 1915. The exact

figures for 1914 for Montreal were not reported, but it is

stated that the 1915 expenditures compare very favorably

with 1914. Hamilton spent onlv 84(3,000 less than in 1914.

On the other hand, Winnipeg carried out but very little

of its 1915 programme, doing nothing that was comparable

to the 18 miles of pavement that were laid in that city in

1914; and \'ancouver constructed absolutely no new pave-

ments whatever in 1915, confining their entire attention to

repair and maintenance. .\t a cost of 8470,040, Ottawa
laid 139,068 yards in 1915, as compared with 177,712

yards in 1914.

Table I. shows details of the new paving done in 1915

by a half dozen of the leading Canadian cities. It is some-
what of interest to note that of the 1,639,808 yards laid

by Montreal, Toronto, Winnipeg, Ottawa and Hamilton,

86.9% was sheet asphalt or other bituminous pavement,

5.3% brick, 4.5% stone block, 1.6% concrete, 1.0% wood
block and 0.7% macadams other than bituminous. The
10,621 sq. yds. of "other macadams" laid in Toronto was
chiefly Rocmac ; the 200 sq. yds. in Winnipeg was water-

bound macadam. 26,808 yards of the stone block laid

by Montreal was granite. The stone block laid in Winni-
peg was for subwav approaches. Most of the bituminous
macadam laid by these six cities in 1915 was Tarvia.

Table II. shows the total yardage of permanent pave-

ments as at January i, 1916. If the 350,000 sq. yds. of

water-bound macadam in Toronto and the 5,300,000 sq.

yds. in Montreal are not counted, Toronto has by far the

largest amount of permanent pavements of any city in

Canada. But if the water-bound macadam is counted,

Montreal leads by a substantial margin. It is quite

probable, however, that those 5,300,000 yards in Montreal
represent streets that will sooner or later gradually be
replaced with more permanent types.

Xo untreated wood block was laid in these cities in

1915, but they have 348,222 yards of untreated wood block

laid previously.

8,658 yards of the concrete pavement in Toronto are

surfaced with Dolarway. The \'ancouver figures for con-

crete in Table II. include some Granitoid.

Most of these six cities have not yet made up their

1916 paving program, as in many cases the extent of the

work depends upon the petitions made by the property
owners. To date, however, Ottawa has decided upon an

expenditure of about 8350,000 and Montreal 8981,419.
Paul E. Mercier is chief engineer of Montreal. R. C.

Harris is commissioner of works for Toronto and M. .\.

Stewart, assistant city engineer in charge of paving. The
city engineer of W'innipeg is W. P. Brereton. F. C.

Askwith is acting city engineer of Ottawa, and .\ndrew
F. Macallum is city engineer of Hamilton. F. L. Fellowes
is supervising city engineer of \'ancouver.

The figures given in this article probably do not repre-

sent more than 10% of the paving work that was done in

Canada during 1915, yet it is interesting to note what
work even a small portion of the towns and cities are

doing. We are, therefore, quoting the following figures

from the annual reports of some of the city and town
engineers :

—

Amherst, N.S.—J. E. Parker, city engineer. Spent

$45,000 in 1915 for 17,000 sq. yds. of concrete. Total

pavements laid to date in Amherst are: 28,800 yds. con-

crete and 20,000 yds. asphaltic concrete.

Berlin, Ont.—Herbert Johnston, city engineer. Spent

$56,033 in 1 91 5 for 21,323 yds. bituminous macadam and

3,061 yds. concrete. Total pavements laid to date are

:

Asphaltic concrete, 60,459 yds- ; concrete, 3,661 yds. :

creosoted wood block, 10,740 yds. ; bituminous macadam.

6.43 miles
;
gravel and water-bound macadam, 24.22 miles.

It is estimated that about 6,050 sq. yds. of concrete are

to be laid in 1916, and a little bituminous macadam.

Calgary, Alta.—Geo. W'. Craig, city engineer. Spent

$31,760 in 1915 for 12,294 yds. asphaltic concrete and 405

yds. stone block. Total pavements laid to date: .\sphaltic

concrete, 1,030,176 yds.; brick, 745 yds.; stone block,

14,155 yds.; creosoted wood block, 100,132 yds.;

Granitoid, 95,651 yds.

Dunnville, Ont.—S. Shupe, town engineer. Spent

$12,500 in 1915 for 5,690 yds. bituminous macadam. Only

other paving in town is 1 1 ,833 vds. of concrete previously

laid.

Edmonton, Alta.^—A. W. Haddow, city engineer.

Spent 8138,000 in 1915 for 4,810 yds. concrete, 27,020

yds. asphaltic concrete and 1,867 yds. sheet asphalt. Total

laid to date: Sheet asphalt, 187,175 yds. ; asphaltic con-

crete, 633,197 yds. ; concrete, 37,000 yds. ; creosoted wood
block, 35,947 yds. The 1916 program calls for an ex-

penditure of about $185,000.

Fort William, Ont.—Ray Knight, city engineer.

Spent $13,464 in 1915 for 10,916 yds. water-bound mac-

adam. Total to date: Sheet asphalt, 14,613 yds. ; asphalt,

block, 47,383 yds. ; asphaltic concrete, 65,264 yds. ; water-

bound macadam, 56.117 yds.; Rocmac. 24,523 yds.;

gravel, 25.51 miles.

London, Ont.—H. \. Brazier, city engineer. Spent

8166,793 in 1915 for 63,517 yds. asphaltic concrete, 2.655

yds. brick, 5,022 yds. concrete, 6,397 yds. gravel. Totals:

.\sphalt block, 4,242 yds.; asphaltic concrete, 173,754

yds.; brick, 23,520 yds.; concrete, 14,882 yds; gravel,

89,760 vds ; and some water-bound macadam. It is esti-

mated that about S150.000 will be spent in 1916, possibly

for 60,000 yds. asphaltic concrete, 3,200 yds. brick, 5,000

yds. concrete and 4,500 yds. gravel.

Moose Jaw, Sask.—Geo.D. Mackie, city engineer;

W. H. Greene, assistant city engineer. Totals : Sheet

asphalt, 6,197 yds. ; brick, 5,050 yds. ; creosoted wood
block, 107,447 yds.

Niagara Falls, Ont.—W. C. Jepson. city engineer.

Spent 820,600 in 1915 for 3,340 yds. brick. 3,280 yds.

concrete and 5,000 yds. water-bound macadam. Totals:

Brick, 22,300 yds. ; concrete, 8,600 yds. ; water-bound

macadam, 207.000 vds. ; Westrumite. 6.200 yds. : Glutrin,

4,500 yds.
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North Hay, Out.— 11. J. McAiislan, town engineer. ytls. ; WMtcr-bouiul iiKuadam, lo.ooo yds. ; creosoted wood
Spcni $^4,414 in 11)15 '<" 3''^,i4 J'^*- water-bound mac- block, 6,100 yds. Among ihe igiO paving will be 7,000

adam. Totals: 74,000 yds. water-bound macadam. yds. of concrete or 3-inch Tarvia X on concrete base.

Oak Bay, B.C.—R. Fowler, municipal engineer. Laid Westmount, Que-—P- E. .Jarman, city engineer.
J3,7JSyds. Tarvia in 1915. Totals: Sheet asphalt, 49,000 Spent $41,171 in 1915 for 6,826 yds. sheet asphalt, 9,355
yds. ; water-bound macadam, 42,000 yds. ; Tarvia, 109,800 yds. of concrete and 933 yds. of asphalt ic inacadam.
yds. : tar-sprayed macadam. 160,000 yds. Kxpoct to lay Totals: Sheet asphalt, 126,566 yds.; bitulithic, 2,953
i5'-50 .^'^s- Tarvia in 1916. ycls. ; concrete, 18,726 yds.; water-bound macadam,

Peterborough, Ont.—R. II. Parsons, city engineer. 53>7i5 yds.; asphaltic macadam, 1(18,784 yds.; other

In u)i5 laid 41,102 yds. asphaltic concrete. Totals: macadams, 3,700 yds.; stone block, 37,392 yds. Of the

.Vsphaltic concrete, 79,823 yds. ; concrete, 975 yds. igi6 paving work only $21,700 has been authorized as yet.

Regina, Sask.—L. .\. Thornton, city commissioner

;

D. A. R. M<-Canncl, acting city engineer. Totals: Sheet

asphalt, 174,239 yds.; ;>sph.-ilt block, 54,314 yds.; con-

crete, 31,987 yds.; stone block, 4,682 yds.; creosoted .\s stated before, the figures gi\en above probably do

wood block, 47,648 yds. ; bitulithic, 276,242 yds. not represent more than io% of the paving done in

ct u • *!. rt _ Ti . r- J- -^ • Canada in 191=;, as figures are given for only one-third of
St. nvacmthe, Que.—Hector Cadieux, citv engineer. , • • , , .

, , r '
i .•

c . c • f J u u'- ' 4 the cities and towns which had over 7,500 population at
spent b-'J.CKK) m U)i5 tor 10,000 vds. asphaltic concrete

, .. r , , x^ , ,
/

> j i r

, J 1 •, • J T ^ 1 \ 1 1.- the time of the last Federal census; and, moreover, these
and 1,000 vds. bituminous macadam. totals: .vspnaltic . , • , , , , • , t .1

, , t 1 J J figures do not include interurban highways, such as the
concrete, 10,000 vds. ; water-lx)und macadam, 20,000 vds. ;

—'^ ,t •, it- . in
.. . " , J .1 J ' o Toronto-Hamilton Highwav, etc., nor the smaller muni-

bitummous macadam, 1,000 vds. ; other macadams, i,boo • ,. • , ,, ; 1. , t -i . ,

, T, . .. ^ J ^i \ .' ^ (N -11 u ^ cipalities, such as Montreal South, Longueuil, etc., eacli
vds. It IS estimated that about 050,000 will be spent in ,,.,,,, / «> d? .

^ ,. , -11 1 J 1,1 J r^ of which probably spent from !t)2,000 to 5)25,000 on paving
1916. which will include probably w,ooo yds. of tar or , . ^ x. j , • , j , . ^ u

, ,.. J "^ -^ work in 191 5. Aor do they include the amount spent bv
asphaltic marndam. , „ ,

^ .•^
, , ^ ,'

the I" ederal government, by the nine provinces, bv the
St Lambert, Que.—E. Drinkwater, town engineer. ,.^ counties, or by the western districts. For instance.

Spent $165,231 in 1915 for 58,411 yds. bitulithic and 406 p^^, County, Ont., spent $21,462 in 1915 for 6,000 yds.
yds. Scoria block. Totals: Sheet asphalt, 20,049 yds.

;

gravel, 15,000 vds. water-bound macadam and 20,000 vds.
bitulithic, 64,412 yds.; water-bound macadam, 3,863 yds. bituminous macadam; and has voted $52,000 for roads
in good condition; asphaltic macadam, 7,100 yds. ; Scoria ^^^ bridges for 1916, of which about $20,000 will be
block. 406 yds. 1916 paving will include some bitulithic. gpern f^r 20,000 yds. gravel, 25,000 yds. water-bound

Stratford, Ont.—A. B. Manson. city engineer. Spent macadam, and 10,000 yds. tar or asphaltic macadam. As
i'3''450 in 1915 for 16,632 yds. bituminous macadam. another instance of county expenditures, it might be cited
Totals: .Asphalt block, 30,954 yds.; brick, 30,287 yds.; that the expenditures in 1915 by the Ontario counties
concrete, 6,404 yds.; bituminous macadam. 53,151 yds.; which were reported to the Provincial Government for
X\ estrumite, 40,643 yds. subsidy claims, amounted to about $800,000. The amounts

Sydney, N.S.—B. M. McKinnon, acting city engineer. that w^ill be spent in 1916, according to the reports of the
Spent 834,019 in 1915 for 16,720 yds. Tarvia. Will county engineers to \\'. .\. McLean, deputy minister of

probably lay 24,000 yds. Tarvia in 1916 at a cost of about public works of Ontario, will be $800,000 on new con-
$48,000. struction and $200,000 on maintenance. It should also

Welland, Ont.—D. T. Black, city engineer. Figures be noted that the above figures are not meant to include
for iqi5 paving not given. Totals to date: Brick, 49,000 track allowance paving.

TABLE L—PAVING DONE IN 1915 BY THE SIX LARGEST CANADIAN CITIES.

1915 Paving.* Sheet Asphaltic Bituminous Other Stone Wood •Total 1915 Paving
Square Yards. Asphalt. Concrete. Macadam. Mecadams. IBrick. ^Concrete. Block. Block. Yardage. Expense.'

^lontreal 387,^-9 73-967 354.839 41-363 53.775 9",i73 $1,388,967
Toronto 300,877 74,870 10,621 45.319 24,739 5,544 461,970 1,327,108
'^^ innipeg 18.388 200 1,018 2,558 22,164 57,3iit
\'ancouver . Nil
Ottawa 94.41S 19,240 17,310 8, 100 139,068 470,040
H^'T'i'ton 89,707 11,374 385 1,290 • 2,677. 105,433 197,400

Totals 890,619 160,211 374,079 10,821 87,067 27.047 73,643 16,321 1,639,808 $3,440,826^

•Exclusive of maintenance and repair work and of track allowance paving and some gutters. I Exclusive of gutters built of this material. : Does not include
cost of the stone block pavement in Winnipeg.

TABLE II.—TOTAL YARDAGE OF PAVEMENTS IN THE SIX LARGEST CANADIAN CITIES.

Total Paving.^ Sheet Asphaltic Bituminous Other Stone Wood Asphalt 'Total
Square Yards. Asphalt. Concrete. Macadam. Macadams. I Brick. f Concrete. Block. Block. Block. Yardage.

Montreal ... 1,298,990 167,510 441,716 5,300,000 619,957 202,082 53,775 3,455 -o,333 8,167,818
Toronto ... 3,373,148 865,087 50,000 410,162 580,526 158,658 84,053 64,457 92,767 5,679,458
Winnipeg .. 1,919,527 189,512 2,692 428,380 59-684 21, 354 210,488 2,831,037

J Vancouver. 143,088 493.152 19,008 . 41,184 53,592 73,128 727,320 1,550,472
Ottawa 772,417 4,600 136,035 . 7,083 35.742 955.877
Hamilton... 658,975 "85,466 37.177 2,728 1,541 116,656 902, 543

Totals.. 8,166,145 1,805,927 649,451 6,138,542 1,278,844 530,744 240,1)34 1,158,118 113.100 20,087,805

•To January 1st, 1916, exclusive of maintenance and repair work and of track allowance paving and some gutters, t Exclusive of gutters built of this material.
Vancouver figures were compiled exactly in mileage but not in yardage Figures here given are approximate. They were calculated upon an average width of 15

yards, as the Vancouver pavement widths vary from 30 ft. to 62 ft.
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ROAD AND BRIUGF CONSTRUCTION AND MAIN-

TENANCE IN THE PROVINCE OF
NOVA SCOTIA."

THE ProviiK-e of \ova Scotia during \.\n- past year

has expended on roads and bridges some $016,693.

Of this total amount about 4cS per cent, was for

bridges and culverts of permanent construction

and 38 per cent, for road maintenance, but this latter also

included bridge painting and repairs. After deducting

the amount used for bridge maintenance and dividing

the remainder (about 81(17,500) among the 18,000 miles

of highway in Xova .Scotia the cost of maintaining a

mile of road is found to be $9.19.

Road machinery is coming more and more into use

each year, and if the demand for more road graders can

be taken as an index of their popularity, they are coming
more and more into favor, for the demand seems to be

increasing. In some of the most rocky and difficult parts

of the province the road grader is used very successfully,

in other parts, on account of the small farms, it is diffi-

cult to get suitable teams for the work. In such places

it is hard to get work done economically, as the teams

have to be brought from outside districts. Even at this

disadvantage, however, the grader proves more eco-

nomical than an}' other method.

It is quite impossible from any reports or data fur-

nished by the municipal councils to determine with any
degree of satisfaction or accuracy either the nominal or

real value of statute labor applied to the roads in the

different municipalities. The returns submitted are far

from complete. Based on the assessed value of property,

there ought to be approximately 8225,000, either in cash

or commuted labor, or partly in one and partly in the

other, so applied in addition to the annual appropriation

made by the province. If this substantial item were made
available in cash, it alone would average about $12.50
per mile. For obvious reasons there are very many
sections throughout the province in which the full benefit

of this provision for the maintenance of roads is not

made available, or is so indifferently applied that the

roads to which it should be applied derive little or no

benefit therefrom. It must be apparent that if the full

value of this statute labor could be effectively applied

each year the results would be far more satisfactory and
far more beneficial to the general condition of the roads

of the province.

The estimate of 18,000 miles of highway in the pro-

vince may give an erroneous idea of the xondition of

these highways. It must not be inferred that these 18,000

miles of highway are completed highways. It must be

recognized that the greater part of the road mileage thus

given is not improved road, in that it has never been

properly ditched, shaped and drained, and often has not

even good wooden culxerts.

Were the roads throughout the province all pro-

perly drained, graded and shaped, with proper culverts,

so that all the money provided annually could be ex-

pended in maintenance, a fairly good showing could be

made. .An earth road requires very frequent attention

with both the road drag and the road grader if it is to

be kept in good condition. At the same time, if the

necessary frequent attention is given, earth roads can

. be kept in smooth condition and fit in every way for such

traflfic as the average road in Xova Scotia has to carry.

A macadam road will cost annuallv for maintenance from

$250 to $350 per mile, including a sinking fund, de-

pending on the width of the metalled portion, and also

on the location of the road and the character of the

metalling.

The cost of maintaining a good earth road would

be from $10 to $50 per mile annually, the cost depending

very largely on the nature of the earth composing the

prism of the road, earth of a gravelly nature being much

less expensive to maintain than the soils in which there

is a large portion of clay.

If the maintenance costs given above are correct,

and they have l)een taken from statistics gathered from

other places, principally in the United States, where

extensive schemes of road work have been carried out,

it will be seen that the sum, annually spent per mile in

Nova Scotia by the Legislature, is not more than suHicicnt

for the maintenance of the existing mileage of roads.

The installation of culverts and work done under

various Acts has done much to improve the condition

of the roads in the different counties, and the roads so

improved, although they will still require a sum for main-

tenance, will not need the same amount of annual ex-

penditure as in former years. Where road expenditures

have been made out of capital on roads in which per-

manent culverts have been built, the improvements are.

^.Abstracted from the report of the Highways Division.

Norton Covered Bridge o\er Cornwallis River. A fine

type of Wooden Truss still doing good service.

of course, most marked, but e\en where culverts only

have been installed, the ditching done to make the cul-

verts effective has benefited the roads vastly, and the

expenditure for maintenance out of revenue should be

\ery much lessened.

The question of road maintenance in Xova Scotia

is still a matter of the greatest importance, and one to

which close attention must be constantly given, not only

for future betterment, but to protect those highways upon

which expenditures have already been made. .As soon

as the construction of a road has been completed, it is

necessary that its maintenance should begin. Too often

this has not been the case. On the contrary, after a con-

siderable expenditure has been made upon a section of

road, the idea .seems to prevail that any maintenance

is not necessary for some time. This is a mistake. .After

the construction of a piece of road is completed it will

go to pieces in less than half the time it could be ex-

pected to last unless proper care is given it annually by

way of maintenance. The policy of ".A stitch in time

saves nine" is most applicable to the maintenance of

earth roads in this province.

If a new piece of road after construction is left ab.so-

lutelv without care, and the attention of the roadmaster
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is ilirccti'ti lo some new scclion ol roiicl In Ix" conslriicli-ti,

the result of this ncglccl is only what must be expected.

In a short time small defects begin to appear, which

readily grow serious, and if the neglect continues, it

may be only a short lime before the road surface goes

onlirely to pieces and the road begins to be a source of

complaint. If tlie neglect still continues, criticisms of

Clarence Road. A Finished Macadam Koad.

the original construction begin to be heard, and the ma-
jority of those interested come to believe that the fault

is with the original method of construction rather than

with the real cause, neglect.

The common way of performing road maintenance

work is to get together a gang of men and teams and

start out, either before the time for farming work begins

in the spring, or after the harvest in the fall, and to

attempt to do all the work for the year at one time, and

that time a very short period. For the balance of the

year the roads receive no attention at all, and the repairs,

if any, are intermittent and irregular instead of con-

stant, regular and careful.

There can be no question but that the same system

of constant care over the roadbed of the highway as is

adopted by railroads is the most economical that can be

adopted in highway work. .•\s a general thing, the con-

struction and maintenance work of the railroads of this

country has been performed efficiently and economically,

and it is, therefore, reasonable to assume that the con-

stant and careful maintenance of railroad tracks and
other properties is considered by the railroad simply as

good business, and that their judgment in the matter is

worth respecting.

If, instead of intermittent and irregular repairs it

were possible to substitute a definite scheme of mainten-

ance, the results, without doubt, would show much im-

provement in the condition of the highways which are

being cared for. An ideal system would be to have a

patrol system, which would provide for the permanent
employment of skilled laborers or caretakers, well accus-

tomed to road work and repair. Each one of these

patrolmen would have charge of a particidar section of

highway. The patrol system, of course, would not be

applicable to all districts. Although the patrol system

has been used to some extent as a means of upkeep for

the roads in Nova Scotia, yet so far it has not been

applied as extensively as could be wished. It is thought,

however, that this system can be extended much further

with great benefit to the roads.

Serious injury is done to many of tlie highways of

the province by the use of narrow tires on heavily-loaded

vehicles. The injury to the roads occasioned by the

loiuimieti use of narrow tires on hea\ ily-loaded \cliicles

requires annually the expenditure of a large amount ol

money to repair the highways on which they are used.

This seems most unnecessary. Those who use them no

doubt fully appreciate the importance and economic value

of g<XKl roads lor transportation. Nevertheless, evidence

is furnished e\ery year to indicate that this continual

,ibuse of the roads will lae made with apparent disregard

of the serious consequences and the heavy charge upon

the maintenance fund.

The Nova Scotia Farmers' .Association recently sent

a resolution to the legislature as regard.s the use of

narrow tires. This is a move in the right direction, and

the principle of this resolution is most heartily com-
mended to the consideration of all those who are using,

or rather abusing, some of our highways as above indi-

cated. The benefit to the highways by the use of broad

tires can hardly be over-estimated, and the cause of good

roads will be much advanced when a proper recognition

in some form or other is given to the recommendations

of the members of the Farmers' Association.

The work done under the .Act to Provide for the

Betterment of Highways has, in nearly every case, been

performed by labor obtained in the locality in which the

work was done. The great difficulty has been in pro-

curing men to do the work except at times best adapted

to suit their own convenience. In seed-time, or during

haying or harvesting, it has been found impossible to

secure workmen in many of the counties to work on the

roads when there was anything left on the farm to be

done. This has had a tendency to delay much of the work
to a later time in the year. While a very considerable

portion of the work could be done to advantage at almost

any season of the year, it is evident that in many cases

the performance of this work late in the season was a

decided disadvantage.

The ideal system would be to have all such work
done by specially trained gangs. This is being carried

out in some countries where special work of this kind

is undertaken. In some sections of Nova Scotia the

farmers find themselves too busy to permit them to work
upon the highways, and there is a growing disposition

to justifv the roadmaster in emploving men who have

Conquerall Bridge ()\er I'etiie Ri\itre. Three spurs,

16 ft. each. Concrete Slab.

the time and who can devote their attention to this, and

become more trained in the work.

In all cases where road improvements were made

under this .Act, specifications were prepared in the Roads

Office, covering the method of executing the work. The

work done in many places has been of a very superior

order, and is an object lesson to many who have seen,
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or who have travelled o\er the stretch ol road so im-

proved. It has been imix)ssible in all cases to surface the

road after improvement with either gravel or stone, but

it has been the aim in ever)- case undertaken to provide

permanent drainage as the first consideration, and then,

if fwssible, to have all the structures made permanent

and the road surfaced. The essential point in road con-

struction, and one that is always insisted on, is that

thorough drainage shall first be accomplished, and this

has always to be done before other improvements are

put on the roads.

The Superintendent of Highways has, in nearly all

cases, first gone over the ground with the foreman to

be in charge of the work, directing him personally as

to the execution of the work to be done, and he has

besides made inspections as frequently as his time and

duties would permit.

The results of the expenditures made under this Act

have been the improvement of many bad stretches of

road, and, while the magnitude of the expenditures does

not permit of very extensive work being done in an}' one
locality, yet the impro\emcnts made are very marked.

Main Port Road. A section of Karth Road which is

still in splendid condition after being improved
two year.s ago.

If the expenditure imder the provisions of this Act could

be further extended it would result in a continuance of

the betterments already effected. An expenditure of this

character seems all the more necessary and defensible

because the means available from the ordinarv revenues
at the disposal of the various inspectors are inadequate
to satisfactorily and efficiently maintain the roads as they

should be maintained and at the same time do any con-

struction work worthy of the name.

The work done under this Act in the various counties

and the nature of betterments effected should have, and,
it is believed, will have, a distinct influence towards
bringing about better road work in the various districts,

as the work serves as an object lesson.

As before stated, the amount of money used for

bridge maintenance and construction was 48 per cent,

of the total expenditure. The expenditure for repairs to

larger bridges has been largely for renewal of the floor

system of the bridges, but other repairs have also been
made in many places to the approaches. These latter,

however, are, as a rule, of much less cost. Two of the

largest bridges, where the traffic is heaviest, ha\e been
fitted with wooden block floors with creosoted planking
and joists. The result so far seems to justify the expecta-
tions, which were entertained, that these floors would

have much more lasting qualities than the untreated

floors, and that, although the cost was much in excess

of the single-plank fl<x)r, yet the longer life would result

in very increased economy.
The system of block paving bridge floors has now

been tried by the Department for some five years, and,

from the experience gained, it is ihe intention to further

apply this method of construction, at least on the larger

bridges where the travel is heavv.

RECENT DEVELOPMENTS IN BITUMINOUS
MACADAM AND BITUMINOUS CONCRETE

PAVEMENTS."

BEFORE proceeding with the discussion of the many
improvements in the construction of bituminous
macadam and bituminous concrete pavements which
liave been developed during the period from 1914

to 1916, it is advisable, in order to avoid misunderstand-
ings, to quote the definitions of the tvv'o types of pavements
as recommended by the Special Committee on "Materials
for Road Construction" of the American Society of Civil

Engineers.

"Bituminous Macadam Pavement.—One having a wear-
ing course of macadam with the interstices filled by pene-
tration methods with a bituminous binder."

"Bituminous Concrete Pavement.—One composed of

stone, gravel, sand, shell or slag, or combinations thereof,
and bituminous materials incorporated together by mixing
methods.

"

General.—Certain developments which are common
to both classes of bituminous pavements will be discussed

prior to considering improvements which specifically refer

to each of the several tvpes.

Foundations.—There has been a general acknow-
ledgment of the ultimate economy of constructing adequate

foundations to support the amount and character of traffic

which the several types of bituminous pavements are able

to carry. In the case of bituminous macadam pavements,
this development" usually has been characterized by the

construction of well-compacted and, in many cases,

thoroughly filled broken stone foundations. In the case

of bituminous concrete pavements, due to numerous
failures which haxe occurred where this type of pavement
has been built on old macadam or poorly constructed

broken stone foundations, there has been a general ten-

dency to advocate the use of cement-concrete foundations

from four to six inches in thickness. It has generally been
found that the cost of cement-concrete foimdations does
not exceed the cost of well-compacted and filled broken
stone foundations of equivalent strength. Furthermore,
the use of cement-concrete foundations renders repairs

and renewals more satisfactory and much easier of

accomplishment.

Non-bituminous Highway Materials.—There has been
a general recognition since 1914 of the desirability of

covering in specifications in more detail and with greater
rigidity the physical properties of the aggregates to be
employed and the sizes of the particles which compose
such aggregates. For example, the 1914 Specifications of

the American Society of Municipal Improvements cover-

ing bituminous macadam pavements state, with reference

to the physical properties of the stone, that the rock em-
ployed must meet the following requirements:—

•

*Presented before the Third Canadian and International
Good Roads Congress, Montreal, Canada, on March 10. igi6,
by .-Arthur H. Blanchard, M.Can.SocC.F..
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"The broken stone shall be subjected to abrasion tests and
touKhness tests conducted by the KnRineer in accordance with
methods adopted by the American Society for Testing Materials,
August 15, i<)o.S. The broken stone used for the construdion
of the first and second courses shall show a French coeffi-

cient of wear of not less than 7.0 and its toughness shall be
not less than O.o. The broken stone used for the construc-
tion of the third course and for the first and second applica-
tions of No. I broken stone shall show a French coefficient

of wear of not less than ii.o and its toughness shall not be
less than 13.0."

The necessity for more carefully drawn specifications

covering the sizes of the particles of which a given product
of a stone-crushing and screening plant is composed is

illustrated by the following mechanical analyses of two
products obtained from the same plant, both of which
prtxliicts passed over a section of a rotarv screen ha\ing
circular holes of i '4 inches and through a section of a

rotary screen having circular holes 2 '4 inches in diameter.

Sample Sample
"A" "B"

Passing '^ inch screen 0.2% o. i %
M " " 0.1 0.1

'A •'
"

0.4 i.i
"

-M " •' 2.2 12.6

1 " " 8.0 37-5
i« " " 2<).i 40.9

'J= " " 27.1 7.7
2 " " 32.9 0.0

loo.o'/o 100.0°',

It is heni'e obvious that toi many lorms ol bituminous

construction, in order to secure successful results, greater

care must be used in the writing of specifications for pro-

ducts of broken stone. .\s an illustration of an improve-

ment in specifications covering this detail, there is cited

those adopted at the 191 5 Convention of the American
Society of Municipal Improvements covering broken
stone to be used for the aggregate of one type of bitu-

minous concrete pavement.

"Broken stone for the mineral aggregate of the wearing
course shall consist of one product of a stone crushing and
screening plant. It shall conform to the following mechani-
cal analysis, using laboratory screens having circular open-
ings : All of the broken stone shall pass a one and one-quarter
( 1 /4 ) inch screen; not more than ten (10) per cent, nor less

than one ( i ) per cent, shall be retained upon a one ( i ) inch
screen; not more than ten (10) per cent, nor less than three

(3) per cent, shall pass a one-quarter (%) inch screen."

It is noted that in this form of specification an attempt
is made to cover in the mechanical analysis only the limits

of the smallest and largest particles. No attempt is made
to secure a carefully graded aggregate but simply a pro-

duct suitable for the type of pavement in question and
uniform in character. For example, the following me-
chanical analyses show three products used in the success-

ful construction of three different bituminous concrete
pavements of the type mentioned.

Sample Sample Sample
"A" "B" "C"

Passing 'b inch screen 1.2% 2.7% 1.0%
U " " 4.2 5.6 2.5

K " " 34-7 45.0 .30.8
)4 " " 40.6 35-

>

34.2

' " " 17.3 10.

.

23.4

iYa " " 2.0 1.5 S.I

100.0% 100.0% loo.o?;'.

Bituminous Materials.—There has recently been con-

siderable dis<-ussion pertaining to the advisability of the

adoption of so-called "alternate type" specifications in

preference to the so-called "blanket" specifications for

bituminous materials. By alternate type specifications is

meant a series of spc<'ifications, each of which covers the

physical and chemical properties of the most desirable

grade ol ;i };i\en l_\pc ol liil luniiioiis cement lor the [)ui-

poses for which it is to be used. On the other h;md, a

blanket specification covers in one set of requirements,
pertaining to physical and chemical properties, all the

types of bituitiinous cement which are to be used in con-
nection with the construction of a given kind of pavement.
For example, in the case of specifications for asphalt

cement for bituminous concrete pavements, it would be
desirable under alternate type specifications to have not

less than five sets of physi«-al and chemical requirements,

the limits for each requirement being as narrow as the

several processes of manufacture would permit, while on
the other hand a blanket specification would cover with a

wider range of limits the same chemical and physical

properties for the five types mentioned. As an illustra-

tion will be cited the limits in the cases of Specifications

".V" to "E" inclusive under the alternate type specification

method for specific gravity, and the penetration at 25°

C. (77° F.).

Specific gravity

—

"A" "B"
0.97— 1. 00 1.00— 1.03

Penetration

—

"A" "B"
75—90 90— 100

"C" "D" "E"
1.03— 1.04 1.025— 1.05 1.04— 1.06

"C"
70—90

"D"
85—<)5

"E"
140— 160

In the case of a blanket specification to cover the

same grades of the several types, the limits for specific

gravity would have to be 0.97 to 1.06 and the limits for

penetration w'ould be 70 to 160. The penetration test, for

example, can onlv be of maximum value when applied to

the grade of a specific type of bituminous cement which is

most suitable for the. type of pavement in question. In

the case of the bituminous concrete pavement of the type

mentioned, the proper penetration limits for a California

asphalt lie between 70 and 90, while for a fluxed Ber-

mudez asphalt to be used in exactly the same type of

pavement and under the same conditions, the penetration

limits should be between 140 and 160. It is evident that

to attempt to cover the penetration limits for both

materials in one specification is impracticable. In the first

place, such limits as 70 to 160 are so wide as to insure but

little uniformity in different lots of the same material, and

in the second place, an entirely unsuitable material of one

class could be supplied under the maximum or minimum
test limits of the other class.

The proper use of alternate type specifications allows

the contractor to bid to supply so many tons of bitumen
which will comply with any one of the sets of require-

ments. It will be noted, therefore, that the contractor is

in exactly the same position as in the case when he bids

to supply any asphalt cement which will comply with the

requirements of a blanket specification.

Guarantees.—There has been a general tendency to

abandon the use of guarantees on bituminous pavements
as it is believed that, with proper specifications and ef-

ficient super\ ision and inspection, guarantees are not

necessary and that the requirement of a guarantee ma-
terially increases the prices bid on a given pavement. The
subject of guarantees is too broad to discuss in this paper
liut it should be noted that under the title "The Economics
of Guarantees of Pavements on State and Municipal High-
ways," it has been admirably treated by Mr. George C.

Warren in a lecture in the Graduate Course in Highway
Engineering at Columbia University, which lecture has
been published under the auspices of the National High-
^\ays .Association, Mr. Charles Henrv Davis, president.

Rituminous Macadam Pavements.— In addition to the

imf)r()\cnicnts noted ;il)i)\e, the nidsi n')l,-ibl(> re<-ent dc-
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vflopnient in llit- construction of bituminous macadam
pa\ ements has been in connection with the compaction of

the road metal and the distribution of the bituminous

materials.

As a result of the numerous failures of bituminous

macadam pavements which have occurred due to the im-

proper rolling of wearing courses of road metal prior to

the application of bituminous material, there has been a

general recognition of the necessity for more thorough
compaction of the road metal. This principle has been

recognized by the Special Committee on "Materials for

Road Construction" of the .American Society of Civil

Engineers in its 191 5 report, the conclusion referred to

reading as follows :

—

".An important factor for successful results is the proper
compaction by roUingr of the road metal before the spreading
of the bituminous material."

The above committee emphasizes another improve-
ment which is aimed at the use, in some cases, of an
excess amount of bituminous cement in this type of pave-
ment. This conclusion is as follows :

—

'Present indications are to the effect that the use of
bituminous materials in quantities of more than 214 gallons
per square yard where the upper course of the macadam is to

be 3 inches in thickness after compaction is inadvisable
under the penetration method."

There has been a general recognition of the advisa-

bility of using properly designed distributors in connection
with the application of bituminous materials in order to

secure uniform distribution economically. Some specifica-

tions cover the requirements which a distributor must
meet. For example, the 1914 .Specifications of the .Ameri-

can Society of Municipal Improvements contain the fol-

lowing paragraph pertaining to the pressure distributor :

—

"The pressure distributor employed shall be so designed
and operated as to distribute the bituminous materials speci-
fied uniformly under a pressure of not less than twenty (20)
pounds nor more than seventy-five (75) pounds per square
inch in the amount and between the limits of temperature
specified. It shall be supplied with an accurate stationary
thermometer in the tank containmg the bituminous material
and with an accurate pressure gauge so located as to be
easily observed by the Engineer while walking beside the
distributor. It shall be so operated that, at the termina-
tion of each run, the bituminous material will be at once
shut off. It shall be so designed that the normal width of

application shall be not less than six (6) feet and so that it

will be possible on either side of the machine to apply widths
of not moie than two (2) feet. The distributor shall be pro-
vided with wheels having tires each of which shall not be
less than eighteen (tS) inches in width, the allowed maximum
pressure per square inch of tire being dependent upon the
following relationship between the aforesaid pressure and the
diameter of the wheel: For a two 12) foot diameter wheel,
two hundred and fifty (250) pounds shall be the maximum
pressure per linear inch of width of tire per wheel, an addi-

tional pressure of twenty (20) pounds per inch being allowed
for each additional three (3) inches in diameter."

This specification provides for a distributor by which

it is practicable, under competent supervision, to secure

uniform application of the bituminous material and allows

the use of a pressure distributor without danger of rutting

of the wearing course of broken stone by narrow tires

carrying excessive weights.

Bituminous Concrete Pavements.—The improvements
in the constru<nlon of bituminous concrete pavements to

which attention should be called will be considered under

the following classification of the three types into which

bituminous concrete pavements generally may be divided.

These types are designated as follows

—

(o) .A bituminous concrete pavement having a mineral

aggregate composed of one product of a crushing and
screening plant.

('') -V bituminous <-oncrete pa\cment ha\ ing a mineral

aggregate composed of a certain number of parts by
weight or \olume of one product of a crushing and screen-

ing plant and a certain number of parts by weight or

volume of fine mineral matter such as sand or stone

screenings.

.
(c) .A bituminous <-oncrete pavement having a pre-

determined mechanically graded aggregate of broken
stone or gravel, either alone or combined with fine mineral
matter, such as sand or broken stone screenings.

Patents.— L'nfortiuiately the present status of patent

litigation has to be considered in connection with the dis-

cussion of the several types of bituminous concrete pave-
ments. The majority of engineers and highway officials

are interested in the types of bituminous concrete pave-
ments which may be constructed without danger of litiga-

tion rather than in a prolonged discussion of the proba-
bilities of successfully defending suits for infringement.

There is ample evidence at hand that bituminous concrete

pavements of type (a) may be constructed without danger
of litigation proceedings provided that the mineral aggre-
gate is of the general character heretofore mentioned in

this paper under the section "General. Xon-bituminous
Highway Materials."

The history of litigation cases indicates that the con-
struction of bituminous concrete pavements of type (/') on
a large scale will in all probability lead to litigation. The
same remarks apply to the construction of bituminous
concrete pavements of type (c) except in the case of the

so-called Topeka bituminous concrete pavement with an
aggregate of the type specified either in the 1910 Topeka
decree, or of the grading which was adopted at the 1915
Convention of the .American Society of Municipal Im-
provements.

Type (d) Materials.—Practice has demonstrated that

broken stone, because of the satisfactory mechanical bond
secured, makes the most suitable aggregate for this class

of bituminous concrete although pavements constructed
with gravel have proved satisfactory for light traffic where
great care has been taken in the selection of the gravel

and in the construction of the pavement. The develop-
inent of the character of materials used in current practice

has been covered in this paper under the title "General."
Much more care has been taken in recent y-ears with
reference to the quantity of bituminous cement to be used
in the mix. There has been a general recognition that the

amount used depends upon the kind of road metal and the

bituminous material, the character of the aggregate and
the climatic conditions. For the product of broken stone-

heretofore mentioned, it has been found that bituminous
concrete mixtures should contain between 5 and cS per

cent, by weight of bitumen.

Mixing.—Many improvements are noted in the

methods employed in the mixing of bituminous concretes.

There has been a general evolution from hand-mixing
methods to the utilization of mechanical mixers especially

designed for the manufacture of this type of bituminous
concrete. The large contract for thirty'-five miles of bitu-

minous concrete pavement of this type around the .Ashokan

Reservoir, constructed under the direction of the Board
of W'ater Supply of the City of New A'ork, demonstrated
the desirability of the manufacture of a plant especially

designed for this class of work. The type finally evolved

showed that it is practicable and economical to use a self-

propelled plant, consisting of elevators, a rotary dryer,

weighing' devices and a mixer, having a capacity of from
Soo to 1,000 square yards of 2-inch wearing course per

day. Experience has demonstrated that, except on stnall

contracts and for repair work, mixers which provide for
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the lu'aliiii; ol' l)iokcn stone by tlie use of a flame in the

chamber should not be used on account of the danger of

burning' the brt>ken stone or tlie bituminous concrete.

Laying*.
—

'I'here has been consideral)le discussion per-

taining to the proper type and weight of roller to be used
lor the compaction of the wearing course. Experience
demonstrates that in order to secure an even surface and
adequate compaction by thorough interlocking of the

particles of broken stone, a tandem roller weighing be-

tween 10 and 12 tons should be used.

Seal Coat.—Many methods have been developed for

the application of the seal coat of bituminous material.

It has been found that seal coats of from ]4 to i gallon

I>er square yard of bituminous cement are distributed most
iiiiitormly by the use of hand-drawn gravity distributors
loTlowed by .1 squeegee.

Seasonal Limitations.—Experience in many localities

has demonstrated that bituminous concrete of this type
should not be mixed or laid when the air temperature in

the shade is below 50° F. as otherwise it is diflicult, under
average conditions, to secure an even and well-compacted
wearing coiuse.

Type (/>).—Specifications for this type of pavement
have, during recent years, generally stipulated that so
many parts of broken stone and so many parts of sand or
other fine material are to be mixed with a certain amount
of bituminous cement. By the use of this specification,
unless employed under unusual supervision, it has been
found to be impracticable to secure a well graded aggre-
gate. In many cases the mixture has contained an ex-
cess of broken stone with insufficient fine material to fill

the voids therein, while in other cases it has contained an
excess of sand in which the broken stone exists as isolated
particles. It is the conclusion of many engineers, because
of the conditions described, that when bituminous concrete
pavements are to be employed either type {a) or tvpe (c)

should be selected.

Type (r).—During recent years, the bituminous con-
crete pavements of this type which have been most ex-
tensively employed are known as Bitulithic, Warrenite,
and Topeka.

Bitulithic and Warrenite— Differentiation.—The gen-
eral use of Bitulithic and Warrenite bituminous concrete
pavements throughout America has brought up for dis-
cussion the matter of the fundamental differences between
these two types of patented pavements. It is believed that
it will be of interest and value to the engineering pro-
fession to submit the following statement, prepared bv
Mr. George C. Warren, president of the Warren Brothers
Company, for the information of the engineers enrolled
in the Graduate Course in Highwav Engineering at

Columbia University :

—

"Bitulithic and Warrenite mixtures are both made under
the provisions of the Warren patents, which the courts have
held 'cover the product no matter how produced.' Bitulithic
is designed to meet the conditions generally prevailing on
city streets, and Warrenite is to meet such conditions as may
arise on country roads so as to meet the physical and econo-
mic conditions and public demands as to cost.

"Generally speaking, Bitulithic is mixed by a plant
which is too cumbersome to meet country road conditions,
which provides for combining the materials proportioned by
separation of sizes of the aggregate, after heating, and then
recombining by weight.

"Warrenite is. generally speaking, mixed by a plant so
portable that it may be set up either alongside the railroad

;

along the side of the road being constructed, or in the quarry
or gravel bank from which the bulk of the aggregate is being
procured as may be most economical in any particular case.
This plant is constructed on the principle of proportioning

the several separated sizes by careful measurement by bulk
before heating and retaining the batch so measured as a

separate entity through the process ot healing and delivery
into the mixer in which the bituminous cement is added.

''Generally speaking, Bitulithic is mixed by a plant
fine aggregate of Bitulithic, while sand predominates in the
fine aggregate of Warrenite; also, fine crushed stone and
sand respectively are correspondingly used for the seal coat
aggregate.

"In the selection ol quality of material (whether gravel
or crushed stone) for the coarse aggregate a greater latitude

is permitted in the case of Warrenite to practically meet the

conditions of less opportunity for selections which arc liable

to prevail in localities considerable distance from railroad

centres. This latitude is allowed, because, while the traffic

conditions on country road thoroughfares are in point of

weight and concentration of traffic rapidly becoming fully as

severe as on most city streets, there is the important differ-

ertce that on country roads generally the traffic is more ex-

clusively of the motor vehicle rubber tire type and conse-

quently less exaction in physical properties of the quality of

the stone forming the basis of the aggregate is necessary.

.•\lso, unfortunately, many city streets are abused by constant

excessive sprinkling or daily scoured by pressure flushing

machines, a practice which is more or less injurious to any
road surface, while country roads are seldom, if ever, wet
except by rainfall ; therefore, in cases where the very best

quality of stone is unavailable, it would be safe to use stone

of slightly lower quality in Warrenite on a country road al-

though the same quality stone might not be safe for use in

Bitulithic on a city street."

Topeka.— In many specifications the mineral aggre-

gate for the Topeka pavement specified has been that con-

tained in the decree of 1910, namely:

—

Bitumen, from 7 per cent to 11 per cent.

Mineral aggregate, passing 200-mesh screen, from $% to 11%
" " " 40 " " " iS " 30
II II II

jjj
II i< II 25 "

55
II II "4 " " " 8 " 22
" " " 2 " " less than 10%

Many unsatisfactory pavements have resulted by the

unintelligent use of this grading. It has been found neces-

sary, in order to secure successful results, to specifically

define the character of the sand or other fine material

which shall be employed in order to secure a satisfactory

grading. Many specifications now cover the sand grad-

ing with almost the same care as in the case of sand
grading requirements for sheet asphalt pavements. In

order to encourage the use of a more satisfactory grading

for this type of pavement, the American Society of INIuni-

cipal Improvements in 1915 recommended the adoption of

the following grading :

—

Passing 200 mesh screen
80 "

40
•

" 20
8

••

4
" "

(I 2
" <<

but retained on a

an
a
a

an
a

200.

80,

40,

20. 10

8, 15

7—10%
10—20%
IC^25%
10-25%

0%
0%

4, 5—10%

The South Indian Railway .Administration will make
surveys for a metre gage line from Jayankonda-Sholapuram
to a point on the proposed Panruti-Trichinipoly Raihvay, as
close as possible to Trichinopoly, on the north of the
Coleroon, a distance of approximately 50 miles. This survey
will be known as the Jayankonda-Sholapuram-Trichinopoly
Railway Survey.

It is reported from Petrograd that a special commission,
composed of representatives of the Government, commerce
and industry, will meet shortly to examine the Bill prepared
by the Ministry of Commerce to facilitate the development
of the use of electric power in works and factories. The Bill

has been prompted by the frequent crises in connection with
the coal in Russia.
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EXPERIMENTS IN CHECKING THE SLIDES AT
PANAMA.

A PAPER by Gen. Geo. W. Goethals in the "Canal
Record" will be of interest to engineers in general,

describing as it does methods which have been used

in the attempt to stop slides in the Panama Canal.

In this work the engineers have been up against problems

which they have never before experienced and the results

of their experiments will be of great value in future on

similar works. The results of these experiments are sum-
marized in the following :

—

The various slides began without any warning, and
there were no means of determining the extent to which
they would proceed. Various attempts were made to

check them, but all without success. There is no question

that the excessive rains were responsible in a great

measure for most of them and for the difficulties that re-

sulted because of them
;
yet some of the most troublesome

ones occurred during the dry season. Drainage proved

ineffective. The rains, which cover a period averaging
nine months of the year, so thoroughly saturate the ground
that, though the surface may be dried out by the wind and
sun during the remaining three months, the ground water
remains. Because of the great depth of the cutting sub-

surface drainage could not reach the ground water
sufficiently deep to be effective, even if the excessive cost

involved warranted such a procedure. It has been sug-

gested that artificial heat be applied through pipes, but
the cost precluded such a method of relieving the situa-

tion ; furthermore, the relief would be temporary.

Planting the slopes with grasses and vegetation pre-

vents, to a certain extent, the erosion that follows some
of the heavy downpours, but even in places where this

has been done the results anticipated were not secured.

The trees that have been standing on the banks for years

slide down, standing erect in their normal positions, with

slides of the second class and in the movements that

take place subsequent to the "breaks."

Piling was tried with the hope that with the ends of

the piles in firm ground the loose or moving portion might
be retained in place. This also proved a failure, and along
some portions of the banks are now seen piles projecting

at various angles and at different elevations, though
originally the piles were driven vertically and they were
properly aligned.

Where the moving mass was clayey material loosened

up by the movement and bv the rains, a covering of heavy
riprap was resorted to with the hope that their weight

would carry the pieces of stone through the mass to the

solid ground below and thus check, if not stop, the move-
ment ; much of this riprap was subsequently removed from
the prism by the shovels.

It was believed that blasting was in some measure
responsible for the slides, on the theory that the shaking

up of the banks, caused by the blast, destroyed the co-

hesion of the particles in the banks, resulting in their

breaking down, so that steps were taken to reduce the

depth of the holes and the amount of explosive used, in

order to lessen, if not remove, any source of trouble on

this account.

It was learned that in experimenting with clays for

the manufacture of pottery the Bureau of Standards has

discovered a means of removing the slipperiness from the

clays by inoculating the soils with a simple and inexpensive

solution, ^^'ith the hope that some such method of pre-

venting the slides might prove effective with the soils on

the isthmus, samples were sent for experimental purposes

along these lines, but it appears that these clays are of an
entirely different character, and no method of treatment
has yet been evolved to secure the results desired.

The construction of retaining walls to withhold the
moving masses was not possible, for access to the sides

of the prism where the walls belonged could not be had.
When access was possible, the movement had ceased,

there was no evidence of any further movement and the
desirability of or necessity for walls no longer existed.

Some of the sandstones and shales in the cut when
exposed to the air disintegrate, but harden when kept
constantly wet. Where disintegration occurred, the re-

sulting soil would grow grasses and vegetation, and steps

were taken to protect the slopes and the underlying ma-
terial in this way, assisting nature to some extent in a
country where \egetable growth springs up and expands
rapidly.

Experiments were made with cement covering applied

to the banks by the cement gun and by concrete held in

place by rods embedded in the rock ; neither proved suc-

cessful, and they were abandoned.
When the use of concrete proved a failure, the geolo-

gist thought that experiment might develop a solution

which, applied to the face of the sandstones and shales,

would combine chemically with the substances in these

rocks, so as to form a coating of glass. Experiments
were made, but no satisfactory solution obtained.

With the breaks, except those which occurred in the

vicinity of La Pita Point, lightening the banks, where this

could be done, secured good results, as did also the sluic-

ing of the upper portions of the hills around Cucaracha
slide into the valley on the opposite side of the hills from

the prism ; but in all other cases the only effectual method
found was to allow the material to enter the cut and re-

move it. This procedure has resulted in bringing all the

slides to a state of rest, and with the exception of those

now active none of them has given any trouble since, for

there has been no movement of anv kind in any of them
after all the material that was in motion had been removed
or come naturally to rest.

It is certain that the troubles are due to the failure

of underlying strata, because these were unable to bear

the weight that the banks brought upon them. Under
the circumstances it is difficult to understand the impres-

sion that has gained credence in some quarters that a sea-

level canal would have avoided the difficulties encountered,

since the cutting would have been through the same
material, but at least 80 ft. deeper.

It is also certain that nothing can stop the movements
now in progress until the angle of repose is reached for

the materials under the conditions that exist and that this

can be reached onl}- bv removing the excess amount of

material. If experience counts for aught, then that gained

in the handling of the slides and the breaks that have

occurred along the line of the canal leaves no doubt that

tjhe means adopted and now in use will effect a cure in

the slides that now close the canal ; furthermore, that when '

cured, no further troubles need be anticipated from slides

in this locality.

The construction of the Altai Railway, which connects
Novonikolaievsk on the trans-Siberian with Semipalatinsk in

the Steppes Provinces, passing throug-h Barnaul, in the

Tomsk Government of Siberia, has recently been opened to

traffic. This railroad, 500 miles in length, will serve the

richest agricultural and mineral regions of Siberia. The
Altai region has deposits of gold, silver, Lad. zinc and copper,

which w-ere worked in the eighteenth and nineteenth centuries,

but afterwards abandoned owing to lack of transportation

facilities and other causes.



5.>- THE CANADIAN ENGINFER uliinu' 30.

THK LKGISI.ATIVi: CONTROL 01 I-NGINHHRING
PRACTICi:.*

By 0. N. Houston, M.Can.Soc.C.l:., M.Am.Soc.C.K.,

Irrigation Branch, Department of the Interior, Alberta.

THi'Rlv is a growing tendency among certain

engineers to attempt to remedy some of the troubles

in the engineering profession Ijy means ol legisla-

tion, limiting those who can legally practise to

engineers having certain qualifications.

This question has been before the public for at least

fourteen years, the American Society of Civil Engineers
having published a discussion of the subject in transac-

tions of 1901. Although many hills have been drawn and
submitted to the legislatures of the various States, very

few have become laws.

The opposition to the passage of these proposed Acts

has come from within the profession and not from the

general public.

Tile reasons advanced for advocating the licensing of
the profession come under two classes: Self protection,
and public protection.

Self Protection.—We arc .ill familiar with the rod-
man who, having been endowed by Nature with a vivid
irnagination, a superabundance of self-confidence and a
glib tongue, hires an office, hangs out his shingle, fakes
his e.\perience and poses as a consulting engineer. On his
card we find C.E. after his name, although he has never
been inside of a technical school. He claims to belong to
some half a dozen societies, the principal qualification for
membership in which is the abihty of the applicant to pay
the admission fee.

Should not the competent engineer be protected from
this class of fakers? Doctors, lawyers, and even school
teachers are required to have certificates before they can
practice. Why not the engineer?

Several States across the line have passed laws
licensing architects which are so drawn that a structural
engineer cannot practice his profession without taking out
a license as an architect.

The Illinois law defines n building as anvthing with
foundation, roof and side walls.

This includes anything from a hog-pen to a thirty-
story building and an architect's license must be obtained
before designing either.

Should not the engineer be protected from unjust laws
of this kind?

Some of the bills introduced have had as their avowed
purpose the cutting out of competition. This reduces the
profession to the level of a trade union. In fact, if we ^o
before the public asking for special legislation on the
grounds of self-protection we lower the dignitv of the pro-
fession in so doing.

The only grounds upon which we should ask the public
for legislative control of the engineering practice is that
of public protection.

The public needs protection because thev are not in a
position to judge of the ability of an engineer.

An engineer's ability must be inferred from either his
education, his works or his member.ship in the strictly
engineering societies.

If the problems of engineering design, construction
and operation were merely matters of figures the man fresh

'Abstract of an .iddress before the CaJKarv Branch Can-
adian Society of Civil Engineers, March i6th, igi6.

from college would usually qualily as llu- best engineer.

Many men leave our institutes willi ihis view but soon

find that long before the time for applying formulae is

reached the scheme nuisl lie viewed by an engineer of

sound judgment based upon long experience.

Diplomacy, tact and good judgment are so essential

in all engineering operations that any attempt to judge an

engineer by mere degrees and diplomas is likely to prove

a failure.

Can the pulilic judge his aliility by his works?

Unfortunately, popular descriptions of engineering

works do not find their way into the public press except

occasionally and the public does not read the engineering

press. .\n engineer's works do not always indicate his

ability. .\ badlv designed bridge may stand for years a

menace to the public and finally go down when the critical

load comes on it.

A dam may stand until a flood comes.

It takes time to demonstrate the ability of an engineer

by his works.

Membership in engineering societies should be a good
criterion by which to judge the ability of an engineer. In

other words, how does he stand in the profession? What
do his associates think of him? They are in a far better

position to correctly estimate his ability than the public

in general.

The committee of the .American Society of Civil

Iingineers, appointed to consider this matter, while re-

porting against the general principle of licensing en-

gineers, realized that there were many engineers who
favored the idea and that many very inferior acts had
been drawn up and submitted to the law-making bodies

for enactment. Should some of these pass, licenses would

be issued to men totally incompetent, thus deceiving the

public instead of protecting them.

The committee, therefore, draughted a Model Bill to

be used as a basis for proposed legislation.

The acts which have been proposed come under two
classes: (a) Those which attempt to license all in the pro-

fession
;
{h) those which apply to engineers practising only

in certain lines.

Many difficulties are encountered in draughting an

act. The first trouble comes in defining to whom the act

applies. Especially is this true under the first class of

bills. In the Colorado .\ct submitted to the Legislature in

1910 the definition of the civil engineer was very broad

:

"A civil engineer, within the meaning of this act, is

one who practises any branch of the profession of en-

gineering other than military. Such profession embraces
the design, inspection and supervision of the construction

of public or private utilities which require experience and
the same technical know-ledge as engineering schools of

recognized reputation presents for graduation, provided,

however, that none of the provisions of this act shall apply

to the practice of surveying."

You will note that this is so broad that it includes

mechanical, electrical, mining and other engineers, and
this was probably one of the reasons why the bill was
defeated.

In 1914 the proposed definiti<in was modified as

follows: "The profession of civil engineering, within the

meaning of this act, embraces the design, inspection and
supervision of construction, and reports on the safety of

public and private utilities which require experience and
the same technical knowledge as engineering schools of

recognized reputation require for graduation ; provided,

however, that none of the proxisions of this act shall apply

to the practice of surxeying, and pro\i<led, rurllu'r, that
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thf pro\isions of this act shall be Hmited to the services

of engineers in the design, inspection and supervision of

construction, and reports on the safety of any structures

or works on any of the following kinds or classes of

structures and works.

"(i) Bridges 16 feet or more in length or other

structures requiring a determination of stresses and
strains for their design, on public highways or roads open
to the use of the public, or on steam or electric or other

railroads.

"(2) Structures built of stone, plain concrete or rein-

forced concrete.

"(3) Structural steel structures including steel in

buildings and similar structures when said buildings or
structures are three or more stories in height ; also steel

in mill buildings, steel in grain ele\ators, steel in mine and
mill structures, steel in industrial buildings, and steel in

plants and steel in structures on ditches, canals, sewers,

waterworks and power plants.

"^4) Canals, ditches and conduits having a capacity

of fifty cubic feet per second or more.

"(5) Sewers and sewer systems and sewage disposal

plants ; water supply plants for domestic use, and power
plants, including power plants for irrigation.

"(6) Dams and reservoir embankments of a height of

ten feet or more.

"(7) Mill and power plant buildings of timber, brick,

concrete or any combination of these materials and electric

transmission lines.

"(8) Timber bridges, trestles or structures for mill,

mine and industrial plants, grain elevators, ditches, canals,

sewers, waterwiorks and power plants.

"(g) No maps, plans, designs, reports, statements or

filings to be certified or approved by an engineer shall be

accepted or filed by any State official unless the certifica-

tion or approval is executed by a person duly licensed in

accordance with the provisions of this act.

".411 maps, plans, designs, reports, statements or

filings prepared by or under the direction of a licensed

engineer shall bear the name of such engineer accompanied
by the words 'Licensed Engineer, State of Colorado.'

"

In as much as the Canadian Society of Civil Engineers

proposed to ask Parliament to define the term "civil en-

gineer," it will be interesting to note an old definition

which appeared in Ree's Cyclopaedia, ist .-\m. Edition,

published in Philadelphia, 1819:

"Civil Engineer—a denomination which comprises an

order or profession of persons highly respectable for their

talents and scientific attainments and eminently useful

under this appellation as the canals, docks, harbors and
light houses, etc., amply and honorably testify." It is

worthy of note that our ancestors were highly respectable

and useful members of society.

The underlying principle in these definitions is con-

struction. Surveying and hydrography are only minor
parts of civil engineering.

A man who is exclusively a land surveyor or ex-

clusively a hydrographer is not a civil engineer.

The proposed Alabama Act of 191 1 divides the pro-
fession into civil engineers, mining engineers and sur-

veyors :

(i) A civil engineer is defined as any one capable of

designing and supervising the construction of any public

bridge, railroad, sewer, sewage disposal plant, filters,

waterworks, ditches, mines, tunnels or works of similar

nature.

{2) It provides th.it all maps for public record imisl

be certified by a licensed surveyor.

ij,) Drawings, specifications and estimates for public

record must be certified by civil or mining engineer.

(4) No construction work shall be supervised or

directed and no public employment as engineer shall be

held except by licensed engineers.

Proposed Indiana Act.—Provides (1) no person may
design, lay out or superintend or act as chief engineer of

any work that may be classed as civil engineering work
or hold office as city engineer in that state without obtain-

ing a license.

The next serious question that arises is. What qualifi-

cations must an applicant have in order to receive a license.

In the Colorado Act.—The Board of Examiners may
issue a license upon examination or upon the record, train-

ing and experience of any applicant who has practised

civil engineering for a continuous period of not less than

ten years immediately preceding. In order to be admitted

to examination a candidate must be qualified as follows:

(i) More than 25 years of age; (2) good moral character;

(3) engaged actively in civil engineering work for at least

six years and in active charge of work for at least one

year; or (4) graduate of engineering school of recognized

reputation and has been actively engaged in civil engineer

work for two years with active charge .of work for at least

one year.

Every act contains a provision known as the grand-

father clause. In the Colorado Act this provides that

during the first year the board of examiners shall accept

as proof of the candidate's capacity to perform the duties

of a civil engineer, the record, training and experience of

any candidate who possesses the qualifications for admis-

sion to examination. This means that practically all who
have been practising for six years with responsible charge
of work for one year would be admitted during the first

year.

Licenses and examinations are in three classes: (i)

Irrigation and hydraulic engineering; (2) municipal, hy-

draulic and sanitary; (3) structural engineering.

Under the Proposed Alabama Act.—Licenses are

issued as follows: (i) On examination. (2) To all practis-

ing in the state at time of passage of the bill (grandfather

clause). (3) Graduates of University of Alabama and .Ala-

bama Polytechnic after two years' experience for surveyor.

.After four years' experience for civil engineer or mining

engineer. (4) Non-graduates. .After four years' experi-

ence for surveyor. After eight years' experience for civil

engineer or mining engineer. (5) To engineers holding

licenses from other states. (6) To members of American

Society of Civil Engineers. (7) To members of Institute

of Mining Engineers. (8) Any junior or military engineer

in United States Civil Service.

Taking up those acts which license only a limited

number of the profession.

The State of Wyoming passed a law in 1906 which

has been in operation ever since. This law licenses only

those who prepare plans or designs in connection with the

use of water in the state or who apply for a permit to

divert water.

Licenses are issued to the following: (i) Land sur-

veyors on examination—plane surveying. (2) Topo-
graphical engineers on examination—plane and topo-

graphical surveying. (3) Hydraulic and hydrographic
engineers on examination—plane surveying and hydraulics.

(4) Construction and designing engineers on examination
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—plane survcyint; ; (iisiijii of irrigation works and

structure computalion ol (.'artli work. (5) Administrative

engineer on examination—phtne surveying; hydraulics;

rnnstruction work; irrigation; law and practice.

Within lour years alter the passage of this law 200

nun had (|ualili(<l under it and all had taken examinations

except members ot the .Vmerican Society ol Civil En-

gineers. As this is a very sparsely settled state I doubt

\ cry much if this law had any effect upon competition.

It is a serious question whether a license law really

excludes the incompetent man from the profession. There

are quacks still practising in the medical profession and

incoinpetents in the legal profession in spite of the acts

governing the practice.

It is suggested that strict governmental supervision

of plans, specification and construction of all structures

where the safety of the public is involved, combined with

laws requiring a high qualification for engineers at the

head of the departments, will result in a more effective

public protection than any legislative attempt to control

the engineering practice.

The qualifications for the heads of departments re-

quiring engineering knowledge should provide for (i) a

minimum residence in the country, province or state in

order to ensure familiarity with local conditions. {2) Mem-
bership in one or more of the three national engineering

societies—Canadian Society of Civil Engineers, .\merican

Societv of Civil iingineers, or British Institution of Civil

Engineers. The requirements for adinission to the grade

of member in all of these societies is high and the tendency

is to stiffen the requirements. (3) A minimum amount of

experience in the particular line of engineering, a

knowledge of wiiich is required in order to fill the position.

The above .suggestion has greater possibilities in it for

public protection than any system of licensing engineers.

The proper method of handling the fake engineer is

through the local branches of these national societies. His

record can be investigated by them and shown up.

In addition to the above, these local branches can do
a considerable amount of advertising which would be con-

sidered unprofessional on the part of the individual to the

end that the public may be kept in touch with engineering

matters and be made to realize that membership in these

societies represents high qualifications as an engineer.

LETTKR TO THE HDITOR.

Revision of the Patent Act.

NEW EXPLOSIVE.

A new permitted explosive, known as Bellite No. i,

has been sanctioned bv the Home Secretary of Great

Britain. Its composition is as follows:

—

Parts by weight.

Not more Not less

Ingredients. than than

Nitrate of ammonium 65 62

Tri-nitro-toluol 16 14

Chloride of sodium To i5-5

Starch 5.5 3.5
Moisture 2 —

It is sti[)ulate<l th.it the explosive shall be used only

when contained in a case of Manilla paper, fire-proofed

and thoroughly waterproofed with a mixture of rarnauba

and parafTin waxes, and that the greatest weight which
may be used in any one shot hole shall not exceed 20 oz.

Four oz. gave a swing of 2.74 ins. to the ballastic pendu-
lum compared with a swing of 3.27 ins. given by 4 oz of

gelignite containing 60 per cent, of nitro-glycerine.

Sir,— 1 believe that your columns are always open to

a discussion of matters of general interest and imjMjrtance

to the engineering, manufacturing and industrial public.

Few matters are of greater or more vital importance,

yet so little known, as the patent laws of a country, and

their administration. Their one broad purpose is to en-

courage and stimulate improvement, advance or invention

in every branch of human activity.

For many years it has been widely admitted that many
considerable changes are very badly needed in the Cana-

dian patent act and its administration.

The great growth of the Department of Agriculture,

proper, has made ample work to occupy fully the time and

attention of Ixsth the minister and his deputy. Yet the

patent office has developed equally or to an even greater

extent. It is the unanimous opinion of all who are ex-

perienced in the matter, that the patent office should have

a separate and distinct head practically independent of any

department though, possibly, nominally subordinate to

the head of a department^similar to the arrangement in

the United States, after which the Canadian patent law

and practice is molded to a considerable extent.

Many very prominent corporations and individual

business and professional men, and practically all im-

portant industrial associations and societies, have peti-

tioned the government to appoint a commission to look

into and revise the patent act and its administration.

Certainly there could be no time better than the

present. There is in existence a commission with very

wide powers of investigation with the purpose of finding

w-ays and means to prepare Canada for her great future.

Revision and administration of the patent laws is certainly

one of the matters that will have a great influence upon

future prosperity.

Why, then, is nothing done?
Since the enactment of the present patent act, the

value and advantages of many of its provisions have fre-

quently been tested. Some of them have been found de-

fective and productive of far more evil than good.

The following suggestions arise from the experience

of the leading manufacturing patentees and prominent

patent counsellors and solicitors of the Dominion. It is

their common desire to overcome these defects, greatly

strengthen the validity of patents, remove some of the

useless burdens now attached to patents, eliminate a great

part of the clerical work of the department, increase the

net receipts of the department, remove the more fruitful

grounds for misunderstandings on the part of patentees,

decrease the cost of patents to the applicants, provide for

complete authentic official records in interferences and all

other patent matters, eliminate all private bills for re-

establishment of forfeited patents, and to avoid the doubt

and discrimination of section 44. In general, to facilitate

and improve the administration of the department, and

encourage and stimulate invention, while at the same time

maintaining the rights of the public. To those ends, the

foUoW'ing amendments, with attached reasons, are sug-

gested as indicative of the main points only :

—

I. Suhstituiio7i of a single cotJtwuoiis ferni of

eighteen years, with payment of the entire fee at time

ol filing, in lieu of the divisable term with instalment

payment.

The present total government fee for eighteen years

is $60. However, as shown by the records, less than 17%
of the patents have more than the first $20 paid. In the
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year ended March 31, igio, the total received for second

and third term fees, was $21,900. During the same
period, 7,216 original patents were granted. If the total

government fee for eighteen years had been made $30
there would be a net increase of $50,200. Had the total

government fee for eighteen years been $25 the net profit

would still have been $14,120. In addition, many
patentees would be holding valuable patent rights which,

under the existing act, have become lost by accident,

neglect, or impossibility of payment on the part of the

patentee or parties by him entrusted with such payment.

l'"urthermore, all private bills for the re-establishment of

patents forfeited for non-payment would be avoided, and

the embarrassing question of intervening rights of in-

nocent third parties would be entirely eliminated. .A con-

siderable saving would result in the clerical work in the

patent office. Ail endorsements, entries, and accounting

in connection with the second and third term fees would
be abolished. Nor can it be argued that a total of $30
for an eighteen-year patent would deter applicants. Many
Canadian inventors take United States patents which run

for seventeen years with payment of $35 total government
fee before the patent is granted.

2. Substittition of interference proceedings within

the pateyit office in lieu of the present arbitration proceed-

ings under section 20 of the act, or the corresponding

Exchequer Court practice.

All interferences originate in and are declared by the

patent office. Therefore, they must become somewhat
skilled in the subject. On the other hand, arbitrators ap-

pointed to hear and determine the issue of interferences

are usually the attorneys of the respective applicants,

either patent solicitors or lawyers. The average patent

solicitor or lawyer handles only a very small fraction of

the total applications filed. Obviously his experience in

interferences is very limited as compared with that of the

patent office. This has long been clearly recognized in

the United States where the interference practice on most
points is very similar. There an interference examiner

gives his time exclusively to interferences, and the at-

torneys, instead of acting as arbitrators, argue their cases

before him. One great and very valuable advantage thus

gained is the right of appeal. The action of the inter-

ference examiner is the action of the commissioner and is,

therefore, appealable. It is not appealable in the case of

arbitration under the Canadian practice. It can not be

denied that the question of priority in conflicting appli-

cations is very vital, and that the corrective effect of an

appeal exists on many far less important questions. Why,
then, should it not be granted in the case of conflicting

applications? Furthermore, all possibility of fraud, col-

lusion, etc., between the arbitrators in deciding the issue

would be eliminated. It can not be denied that there is a

very fruitful field for such practice under the present pro-

cedure. Two of the three arbitrators would be eliminated,

with that much saving to the contestants, and the fees

now payable to the third arbitrator would go to the de-

partment for the services of the interference examiner.

The practice in interferences would become uniform and

greatlv simplified.

3. Substitute for compulsory manufacture section

j8a and compulsory license section 44, an optional choice

between manufacture and compulsory license, the same to

be applicable to all patents and to extend throughout the

life of the patent except the first two years.

Xo court has yet decided whether section 38a applies

to process patents. There are many strong opinions both

ways and the matter is very much in doubt. Hence all

process patents not under section 44 are of very doubtful

validity, simply because the law is very vague. Proof of

non-manufacture is proof of a negative, which is exceed-

ingly difficult. It is, therefore, nearly a worthless weapon,
in the hands of the public, against the patent owner. It

can not be said that such provision compels the patentee

to manufacture in Canada. Where there is no demand,
the most that is done is to make one of the patented de-

vices, starting it within the two-year period, and dragging

it along as slowly as possible. If there is an appreciable

demand, the inventor is always very glad to made the in-

vention as rapidly as he can sell it. He needs no law to

compel him. Furthermore, it should be remembered that

the inventor is the originator. No one else knew of the

invention before he did. The public have no rights in it

prior to his. Therefore, it can not be argued that he is

in any manner injuring the public by not manufacturing

or selling to the public ; nor can it be said that section 38a

has caused the building of factories here in Canada. If

any section of the patent act has had any effect in that

direction, it is clearly the section about importation.

Compulsory license applies to certain classes of inven-

tion only. To many it does not apply. Also, it does not

apply to any unless specifically so requested within a

limited time from the date of the patent. About one-sixth,

only, of the annual issues of patents is placed under the

compulsory license clause. That means from 1,300 to

1,500 petitions to be considered by the commissioner, an

equal number of decisions to be made out and mailed, and

about an equal number of endorsements and other record

entries to be made. In many instances an extension of

time to manufacture is sought. In each such case a rather

lengthy petition with aflfidavits must be considered, a de-

cision made and mailed, and an endorsement and entries

made.
With the suggested change, all of these petitions,

decisions, endorsements and entries would be completely

abolished, the doubt about process patents would be

cleared up, the public would be in just as strong a position

to get or use the invention, all patents would be on the

same footing and subject to the same conditions, and the

validity of all patents would be greatly strengthened, be-

cause, to prove invalidity it would be necessary to prove

both that the patentee would not graiit a license and that

he did not manufacture. This is very similar to the

present British Patent and Designs .'\ct.

4. Cnnsolijdation of the trade mark and copyright

branch with the patent office, and appointment of a com-

missioner who would give his time exclusively to the

consolidated branch.

The practice and procedure, the rights protected, the

rules and regulations and the legal requirements in the

two branches are in many respects similar, and most of

the business of the two branches is carried on by the same

profession—patent attorneys and lawyers.

W. S. BABCOCK,
Registered Patent .-Attorney.

Montreal, May ist, 1916.

SllMMER COURSE IN SCIENTIFIC MANAGEMENT.

The fourth summer course in scientific management

will be held in Providence, R.I., under the directorship

of Frank B. Gilbreth, consulting engineer. The course,

to which only a selected group of teachers and thinkers

will be admitted, consists of lectures, laboratory work

and visits to various plants where scientific management
may be studied. The course commences on July 31st and

terminates on .August 12th.
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Quebec, Que.—The entrance piers of the new graving

dock at St. Joseph de Levis have been completed and ex-

cavation work lor the dock proper is well under way.

WinnipejJ, I\Ian.—An analysis of all public water sup-

plies in the province has been ordered by the Provincial

Board of Health. The recent epidemics are blamed on

impure water.

Ottawa, Ont.—The Lapr.iirie link of the new high-

way from New \'ork to Montreal is to be finished this

year. The cost of completing the work will be about

$79,850, which will make the total cost about $150,000.

Ottawa, Ont.—Provision has been made for the ap-

pointment of a commission to study the railway situation

in Canada. It is possible that the government has in mind

the nationalization of both the Grand Trunk Pacific and

the Canadian Xorthern Railw.iys.

Simcoe, Ont.—The Lake Erie & Northern Railway

management has extended that part of the local depot in

which the electric installation for current will be placed,

having changed its plans. The road will receive consider-

able Hydro current through Simcoe.

Vancouver, B.C.—The B.C. Electric Railway is coin-

pleting the construction and equipment of the sub-power
station near Home Payne station on the Burnaby Ldke
Line, which was delayed two years ago, and a large gang
of men is now at work on the building.

Toronto, Ont.—Work is now in full swing on the

long-awaited Lansdowne Avenue civic car line. .All the

material necessary—rails, switches, poles and other sup-

plies—are to hand, and are being rapidly placed in posi-

tion. It is expected the line will be in operation before

the fall.

Brantford, Ont.—Work on the L. E. &: N. Railway
between Brantford and Port Dover is progressing favor-
ably despite the scarcity of labor. Overhead work as far

as Waterford will be completed by the end of the week,
and the company expects to have the line into Simcoe
opened in a month.

Ottawa, Ont.—Frank Darling, architect of the

Federal Plan Commission, in reply to a request of the
Board of Control, in which an application for a building
which was to be over the iio-foot height limit, was re-

ferred to him for report, objected strongly to the recom-
mendation of the Commission being set aside, and held
that the i lo-foot limit should be preserved.

Montreal, Que.—Hollinger Gold Mines, Limited;
Acme Gold Mines, Limited ; Millerton Gold Mines,
Limited, and Claim 13147 of Canadian Mining and
Finance, Limited, all situated at Porcupine, Ont., two of

them producers of yellow metal, are to be amalgamated
with nominal capital of $25,000,000. Title of the new
corporation is to be The Hollinger Consolidated Mines,
Limited.

Montreal, P.Q.—The Canada China Clay Company
is applying for a Dominion charter, the capital of the com-
pany is to be $1,500,000. The company owns a large
kaolin deposit in Amherst Township, Que., and this will

be connected up to the C. N.R. by a branch line. Tests
carried out on the clay indicate that it is of high ceramic
value and also may be used in the manufacture of hi^h-
grade paper and certain paint pigments.

South Vancouver, B.C.—The trunk sewer on George
Street is almost completed; the progress on the Prince

Alhcrl Street sewer has during the past week been some-

what slower on account of the nature of the ground. A
strata of hardpan mixed with heavy gravel and boulders

has been met. Satisfactory progress is lieing made with

the Cominercial Street work, the trunk there being laid to

within 135 feet of the intersection of Twentieth A\emie

;ind Commercial Street.

Ottawa, Ont.—Discussion arose during a debate on

the Can.idian .Northern Railway situation in regard to the

passage of the two C.N.R. Niagara charter bills. It was
commenced by W. .'\. Buchanan, who stated that as the

C.N.R. held many charters in the Lethbridge district and
had built no roads, it did not seem fair that they should

be given permission to build in settled parts of Ontario

when the West was in need of transportation facilities.

Winnipeg, Man.—Foundation work on the new Eaton
building is well advanced. The retaining wall trenches on

the east and south sides are ready for the concrete. The
excavation for the basement is half finished. It is ex-

pected that the first steel girders for the skeleton will

arrive about the middle of June. .After that the progress

will be fairly steady and rapid. Some of the grillage has

already been delivered, but the sections that will have to

be laid first will not get here until about June 15.

Calgary, Alta.—The large cement plant at Exshaw
.Alberta, which when working regularly employs about 300
men, will be reopened about the ist of June, according to

a statement of the manager of the Canada Cement Com-
pany at Calgary, A. H. McGuire. "The Calgary plant

may be opened later," said Mr. McGuire, "but the Ex-
shaw plant is the largest one in this district and the one
best equipped to supply large quantities of cement at

bottom cost of production because of its proximity to the

cement rocks."

Sudbury, Ont.— Serious damage amounting to

hundreds of thousands of dollars has been done by floods

in this district. Dams and bridges on the Spanish and
Vermilion Rivers have been carried away or badly dam-
aged. The Spanish Pulp and Paper Company's dam at

Onaping was carried away and the whole season's cut

went with it. The C.P.R. bridge at Whitefish was
damaged, the approaches being swept away. The Sudbury
flour mills' dam at McPherson Falls, has been carried

away. Several miles of .Algoma Eastern Railway tracks

are under water.

Westmount, Que.—In keeping with the progressive
policy of this city an architectural commission is to be
appointed who will pass on all plans. The city council is

determined that the city will not lose any of its beauty and
that no buildings, walls or monuments which are not in

keeping with the general tone of the community will be
erected. The commission will be composed of the mayor,
the general manager, and the engineer of the city, all ex-

officio ; four architects, and any other persons that the

council may appoint from time to time. Each member of

the commission will act without any remuneration.

Collingwood. Ont.—The Collingwood Shipbuilding
Company, Limited, successfully launched the steamer
"locolite," the second of the oil tank steamers w'hich they
are building for the Imperial Oil Company, Limited. The
Imperial Oil Company has awarded the builders three con-
tracts for vessels of this class, and also an order for two
larger ocean-going steamers, making five vessels in all.

The ships are equipped with all the latest appliances for

the rapid handling of oil cargoes, and have special

arrangements for carrying either crude oil, gasoline and
lubricating oils. The propelling machinery, boilers and
other equipment have all been manuf.actured by the

Collingwood Shipbuilding Companv, Limited.
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UiNITED STATES PROTESTS ONTARIO'S NEW
POWER SCHEME.

Protesting against the diversion of water from the

Niagara rapids, as planned by the Ontario Hydro-Electric

Power Commission, Secretary-of-State Lansing of the

United States has written an official "note" to the British

Ciovernment. He says that not more than 40,000 second-

feet can be diverted from the rapids without damaging
their scenic beauty, and that it is therefore important to

come to an understanding regarding a diversion of even

11,500 second-feet:

The Boundary Waters Treaty, which was ratified

May 13th, 1910, by the United States and Canada, specifies

that the United States can divert 20,000 cubic feet of water

per second, and Canada 36,000 second-feet, from above
Niagara Falls, for power purposes. Up to the present

time, ail the water that has been so diverted by the plants

located at Niagara Falls, has been returned to the Niagara
River above the rapids. But there is nothing in the treaty

to specify just where the water is to be returned—whether

above or below the rapids.

The Ontario Commission plan to divert about 6,500
second-feet from above the Falls, and to return the water
(via a new channel) at a point near Queenston, below the

rapids. Now Secretary Lansing reads the words "and
return the water below the Falls and above the rapids"

into the treaty.

If the treaty can possibly be construed in the meaning
taken by Secretary Lansfng, then the United States itself

is by far the more serious offender, and has clearly

established a precedent for diversions such as Ontario

proposes. Between fourteen and fifteen thousand second-

feet are being diverted down the Mississippi by the

Chicago Drainage Commission. This is water which is

diverted "above the Falls" and which is certainly not

returned to the Niagara River above the rapids. It is used

"for power purposes" too—imder 16-foot head.

Then there is the Erie Canal. The treaty permitted

500 second-feet to be diverted into the Hudson River, and

that 500 second-feet is not returned above the rapids.

Power is also developed with that water, and it is stated

that more than 500 second-feet are now being illegally

diverted for that canal. And, as a matter of fact, only

4,000 second-feet are permitted for the Chicago Drainage

Canal according to the treaty, the other 10,000 second-feet

now being illegally used.

Even in Canada there has been precedent for such

diversion without "return above the rapids." About 1,000

second-feet are used by the Cataract Power Company for

the ^^'elland Canal power development at De Cew Falls.

Diplomatic correspondence will result for some
months, probably, as a result of the United States note,

but there is no doubt of the outcome. The Hydro Com-
mission plant—which will develop 300,000 h.p.—will be

built.

A larger plant than 300,000 h.p. cannot be built now
because the existing Canadian companies own rights

aggregating 29,390 second-feet, and the present treaty

allotment specifies a total diversion of 36,000 second-feet.

The Commission might at some time, perhaps, buy out

one of the companies and so increase its plant to 600,000

h.p., which is the amount that will really be soon required.

As exclusively reported in the December gth, 191 5, issue

of The Canadian Engineer, an order-in-council apportions
the volume that may be used by the companies as IfoUows

:

Canada Niagara Power Co., 8,225 second-feet; Electrical

Development Co., 9,985 second-feet. ; Ontario Power Co.,

11,180 second-feet.

The United States has no grounds upon which to

protest the Ontario Hydro's scheme, and after proper
representations are made through the usual diplomatic
channels, will undoubtedly gracefully acknowledge the
error. Canada would have no objection to a diversion
from the rapids of a similar amount by the United
States, provided that in so doing the United States
does not exceed the 20,000 second-feet allotted by the

treaty. There is no reason, however, why the United
States should ask Canada for an additional 6,500 second-
feet allotment as the price of consent.

CORRECTION.

In a small "filler" paragraph at the bottom of a page
in our issue of -April 6th, 1916, it was carelessly stated

that "The asphalt deposits found at Trinidad and the Red
Sea are practically pure bitumen." The word "are"
should have been "contain," as it is, of course, generally

known that about 40 per cent, of Trinidad and Red Sea
asphalt is not bitumen.

A reader of Tlie Canadian Engineer has called to our

attention the importan'' of making this distinction be-

tween "are" and "coi. ' because bitumen is the con-
tent upon which asphalt ^ds for its binding power,
and therefore upon the pen ^e of bitumen in any
asphalt depends the amount -eet asphalt, asphaltic

concrete or asphaltic macadam can be laid with a

ton of the asphalt.

LOAD OF VEHICLES ACT.

The province of Ontario has recently amended "The
Load of Vehicles .A.ct" for the purpose of regulating and
limiting the load which vehicles will be permitted to carry

upon the public highways.
The bill, which was originally introduced in 1915, was

discussed and allowed to stand over for a year. When it

was brought up again this year it was referred to a sub-

committee for discussion, given its final reading, and is

now law.

While a number of the States of the L^nion as well as

certain European countries have a similar act, Ontario is

the first of the Canadian provinces to make it a provincial

measure.

In the early days of the good roads movement, an

attempt was made to increase the width of tire and in this

way limit the load per inch, but because of the large in-

vestment in narrow-tired vehicles regulations of that

character seemed impossible of application.

Within the last few years the heavy motor truck has
come to be more generally used. With its load of from
four to eight tons, it has created new conditions with each

succeeding increase in size and load, and each year the

question of methods of regulating the wear and tear on
our highwavs has led to more and more confusion.
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The main provisions of the new bill arc briftly :

—

1st. No vehicle shall carry upon the highway a load,

including the vehicle, greater than twelve tons or

more than four tons on any one wheel.

2nd. No vehicle shall carry a load, including vehicle,

whicli \\ill impose a greater weight than six

hundred pounds per inch of tire on the highway.

The use of flanges, ribs, clamps, or other attach-

ments to the wheels or other parts of tlie vehicle

is prohibited where such attachments are likely to

injure the highway.

V'd. Permits will be granted by the authorities for

moving object or vehicles over highways when the

maximum allowable loading has been exceeded.

4th. Speed of traction engines and motor trucks carry-

ing a weight in excess of four tons, including the

\ ehicle, is limited to ten miles per hour. The maxi-

mum speed for. a load of six tons on iron or steel

tires is six miles per hour, while a speed of eight

miles per hour is allowable if the vehicle is equipped

with hard rubber or other similar tires.

The effect of this .'Vet will be to make highway loads

more uniform so that those who have to do with the con-

struction and maintenance of our highways, and particu-

larly those engaged in bridge design, will possess reliable

information so far as the probable loading on highway
bridges and culverts is concerned. Up to the present it

has been necessarj- to design such structures between very

wide limits, necessitating what has often been anything •

but an economical use of material. •

PERSONAL.

M. T. CAN'TELL has been appointed municipal en-

gineer of .St. Vital, Man.

.A.LL.A.X PL'R\TS has been appointed general super-

intendent of the Eastern Division succeeding A. E.

Stevens, transferred.

A. C. VOLKMAR, forester of the Riordon Paper
Company, St. Jovite, Que., has been elected an associate

member of the Canadian Society of Forest Engineers.

Lieut. ERIC G. KINGWELL, formerly city engineer
of Kamloops, B.C., and now attached to the First Cana-
dian Pioneers, is actively engaged in recruiting work for

his battalion.

R. R. BR.ADLEY, forest engineer of the New Bruns-
wick Railway Company, is preparing "his final maps of the
territory owned by that company and expects in the spring

to undertake planting operations on a large scale.

Lieut. FRANK J. L.AWSON, B.A.Sc, recently with
the engineering department of the city of Calgary, has
died of wounds received in France. He was the only son
of the well-known architect, F. J. Lawson, of Calgary.

VALDIMAX J. MELSTED, B.Sc, A.M.Can.Soc.
C.E., until recently engineer of water services and tests

for the C.P.R. at Winnipeg, has been engaged to conduct
analyses of all the public water supplies in Manitoba. Mr.
Melsted was appointed by the Provincial Board of Health.

J. W. HARRIS, M.L.S., M.Can.-Soc.C.E., after 37
years' service to the city of Winnipeg as assessment com-
missioner and city surveyor, has handed over his depart-
ments to his successors, Leo. W. Donley and R. H.
.\vent, and his name will be inscribed on the civic

pension roll.

Major HOWARD L. liODWlCLL, A.M.Can..Soc.

C. E., according to recent casually lists, has been wounded,

lie is a graduate of the Royal Military College, Kingston.

I'or some time he was adjutant of the 47th Battalion and

later joined the Second Pioneers, in which battalion he

received his wounds.

Lieut. -Col. (iEORdE G. NA.SMII II, Ph. I)., CM. G.,

who has rendered such signal service at the front as

analyst and advisory otlices on sanitary work for the

Canadian forces, is to be honored by the University of

Toronto with the honorary degree of LL.D., at the con-

vocation to be held May 19th.

STANLEY H. FRAME, .\.M.Can.Sco.C.E., has
recently received the appointment from the Dominion
Government as District Hydrometric Engineer with the

Irrigation Branch, Department of the Interior, Calgary.

For the past three years he held the position as assistant

to the city engineer of Calgary.

A. E. STE\'ENS, now general superintendent of the

C.P.R. at Montreal, has been appointed general superin-

tendent"^ of the .Saskatchewan di\ ision with headquarters

at Moose Jaw. The appointment was made necessary by

the extended leave of absence, on account of ill-health,

having been granted to j. G. Taylor.

VUGUSTIN FRKiON, C.E., has resigned from the

firm o{ .Surveyer& Frigon, consulting engineers, .Montreal,

to become engineering manager of the Canadian Siegwart
Beam Co. Mr. Frigon is a graduate of Laval University,

and for several years past has been a member of the

Faculty of that university. The firm name of Surveyer &
Frigon has been changed to Arthur Surveyer & Co. Mr.
Surveyer's research work in regard to water-powers is

well known to our readers. He is a member of the Cana-
dian Society of Civil Engineers, the Society des Ingenieurs

Civils de France, and the International Association of

Navigation Congresses.

CANADIAN SOCIETY OF CIVIL ENGINEERS-
COMMITTEE ON PRESTIGE. ETC.

Referring to the elections recently held in the various

districts of the Canadian Society of Civil Engineers for

the selection of members for the committee on prestige,

influence, etc., the Council of the Society announces the

following results :

—

Representing District No. i—\\'.
T- Francis, Phelps

Johnson, R. S. Lea, H. H. Vaughan, W. F. Tye and A.

Boyer.
'
District No. 2—D. H. McDougall, W. A. Duff and

L. H. Wheaton.
District No. 3—A. E. Doucet, A. Amos and .A. R.

Decary.

District No. 4—John Murphy, R. deB. Corriveau
and G. B. Dodge.

District No. 5—H. E. T. Haultain, R. W. Leonard
and E. W. Oliver.

District No. 6—H. B. Mucklestone, W. L. Mackenzie
and A. J. McPherson.

District No. 7—H. F. Hayw^ard, D. O. Lewis and
E. A. Cleveland.

AAIERICAN SOCIETY FOR TESTING MATERIALS.

The nineteenth ;iniuial meeting of the .Vinerican

Society for Testing Materials wjll he held at .\tlantir City,

June 27th to 30th inclusive. The new Hotel Traymore
has been selected as the headquarters for the meetiiiij.
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RETAINING WALLS ON BATHURST STREET HILL, TORONTO
A DISCUSSION ON THE DESIGN AND CONSTRUCTION Ol' THESE RETAININCi

WALLS WHICH WERE BUILT TO IMPROVE THE ROAD AND PROVIDE BETTER
ACCESS TO THE RAPIDLY GROWING NORTHWEST SECTION OE THE CITY.

By S. G. TALMAN, A. M. Can. Sec. C.E., A.M. I.E. (South Africa).

Koadwavs Section, Citv of Toronto.

IT
is at once apparent from a glance at the sketch map

of the city of Toronto, as shown in Fig. i, that a good
road connecting up the newer sections of the city north

of the Hill, which rims along the old northern

boundary, is an absolute necessity for the proper de-

did not matter much, and it took quite a severe rainfall to

cause any damage. The ramp, which was of macadam, led

from the top of the hill at Bathurst Street and had a maxi-
mum grade of 14.2 per cent, in dropping down to the

elevation of Davenport Road, which is the ro;id running

East Wall—Reinforced Concrete Section. West Wail—Concrete (jra^itv Section.

velopment of this district. It will also be seen that the

centre of population of the city is rapidly approaching the

vicinity of the intersection of Bathurst and College

Streets, although perhaps the latter is not so evident to

the person who is unacquainted with the city and the

spreading out of its boundaries to take in the fast-growing

suburbs. Before the city improved this roadway the

Bathurst Street hill was a thing to be avoided on account

of its steepness, although a ramp from Davenport

Road on the east made matters easier for horse-drawn

vehicles. The old road—that is, Bathurst Street proper

—

was of corduroy and the only drainage provided was in

gutters on the side. As the material was of hard clay this

along the foot of the hill. Such conditions, however,

could not last long if the future development of the district

was to be taken into account. It was necessary to go to

Yonge Street, which was i '4 miles east, in order to find

a good road for taking up heavy loads, so that the im-

provement of Bathurst Street hill was obviously the duty

of the city to the district.

Work was commenced in March of 1914, the grading

giving relief work to the local unemployed. .Aipproxi-

mately 17,200 yards were handled, the spoil being

used for fill at the foot of the hill. The maximum cut on

the hill, exclusive of the old works, was 11.5 feet, and the

maximimi fill on the Davenport intersection was 7 feet.
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Roinforocd concrete walls were designed for the east

side and plain gravity walls for the west. A more satis-

factory treatment of the west side would have heen hv

Urracing, plans for which were prepared by the cily l)ut

failed to receive the sanction of the property owners
interested.

I" rom tests on the site an allowable bearing pressure
of 5,000 lbs. per square foot was decided upon and the

walls were designed to fulfil this requirement.

'1 he stresses in the steel and concrete were cah ul.iicd

by liic following formula' :
—

Neutral axis = [ v^ (r'm' + 2 rm)

(2) Tension in steel

lbs. i)er sq. in.

B
rbd' (j

(3) Compression in concrete = 2B

d.

16,000

'100 lbs. per sq. in.

kbd' {i — yi k)

Where
breadth of the bc.im in inches.

effecti\e depth of the beam in inches,

distance of the neutral axis from the

compressed edge of the beam in

inches.

n

d '

SmrcH Map cr City er Tckvto

hig. 1.—Map 01 Ciiy 01 lorj.no.

At = hd square inches.

At = area of tensile

square inches.

At

reinforcement in

hd

_,:,vJ4„,.,r-

Fig. 2.—Detail of Reinforced Concrete Section of Wall.

elastic modulus for steel in tension,

elastic modulus for concrete in com-
pression.

m = — = 15.

B = bending moment in inch-pounds.

The notation being that approved by the

Concrete Institute (England).

A detail of the wall at its highest part is

shown in Fig. 2. The longitudinal reinforcing

is '4-inch square twisted bars spaced 1 ft. o

in. centre to centre. The face of the wall has

3-inch expanded metal @ 5 lbs. per square foot,

which gives practically the same area as Y-z-

inch bars would have done, and is, in the

writer's opinion, a far more satisfactory dis-

tribution of the steel for that part of the wall.

The trunk is reinforced with i-inch square

twisted bars at 8 ins. centre to centre, the heel

has 34-inch square twisted bars at 10 ins.

centre to centre, and the toe has ^-inch square

twisted bars at 12 ins. centre to centre. The
concrete used was a 1:2:4 mix, fairly wet,

the aggregate being 34-inch limestone with a

specific gravity of 3.07.

The mixers were placed so as to allow the

concrete to gravitate to the forms.

The construction offered no special features

excepting in the vicinity of station 3 + 50 (Fig.

3), where a water-bearing stratum was struck,

necessitating the use of a certain amount of

timber sheet piling and special drainage, a

general idea of which is given in Figs. 3 and 4.

.\ grade was formed on the heel of the w-alls with well-

puddled clay and three 3-inch diameter tile drains were
laid on boards resting on the clay. .\t intervals a puddled
clay cut-off wall was inserted in the line of tiles to prevent

scouring action.
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Fig. 3.—Sketch Plan Showing Location of Walls on Bathurst Street.

In such a wall the question of expansion and contrac-

tion is a very important one. In order to take care of this,

expansion joints (shown in detail in Fig. 5) were placed
:it intervals of 40 feet in both the reinforced concrete wall

and the gravity wall. The back of the gravity wall was
given a considerable batter at the top and in order to

prevent the action of frost on it, the wall was given a coat
of hot asphalt.

Puooi.

As the wall is on a street which not only carries big
traffic but is in a fine residential section it was necessary
to make its appearance pleasing to the eye. To do this,

a scheme of panelling was carried out, the panels being
moulded in the face of the wall. A general idea of their

construction can be gathered from Fig. 6. These, in con-
junction with the coping and the changes in elevation of
the top of the wall, help to relieve the usual inartistic

appearance of concrete construction.

The pavement on this section is hillside brick block
on 6 inches of concrete, and was opened to through traffic

by Mayor Church on September 25th, 191 5.

It is worthy of note that the wall has withstood
several severe rainfalls during its construction. The worst
of these occurred last spring when the banks were still

unsodded. In this case a surcharge of several feet over

Tift^ur Ano Qnetc Fnom Qkaos to

Asphalt Run In Hene.

1_

'I + ^ FAt£ OF WAi.U.

Fig. -1.—Section Showing Drainage System. Fig. ,i.— Detail of Expansion Joint in Wall.
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the top of the wall was held up. This suichari;u of sand

had lieen washed down against some of the form work

from the slopes above and, of course, was heavily laden

wilh water.

A few details, such as railings alontj the top, some

scddins; on the slopes, etc., remain lo he completed.

DESIGN 01 MASONUY AND CONCRHTH
AKCHKS."

Pig. 6._Detail of Panelling of Wall, also Showing

Location of Expansion Joint.

The cost of the work will be approximately $260,000,

and in view of the important bearing the street will have

on the future of the city of Toronto the taxpayers' money

could hardly have been belter invested.

RAILWAY EARNINGS.

The following are the weekly railroad earnirgs for April:—
Canadian Pacific Railway.

1916. 1915-

April 7 $2,482,000 $1,766,000 +$716,000

April 14 • ::, 577.000 1,701,000 + 876,000

April 21 • 2,343,000 1,623,000 + 720,000

April 30 3,166,000 2,074,000 +1,092,000

Grand Trunk Railway.

April 7 $1,155,486 $1,008,320 +$147,166

April ,4 1,024,505 864,658 + 159,847

April -I 1,059,661 869.772 + 189,889

April 30 1,445,853 1,263,028 + 182,825

Canadian Northern Railway.

April 7 $ 677,000 $ 457,000 +$220,000

April 14 ... . • 668,900 463,700 + 205.200

April 21 .

' 634,000 442,300 + 192,000

April 30 844.100 585,500 •+- 258,200

The gross earnings for three transcontinental roads for

the first four months of the calendar year show the follow-

ing gains:—
Month

:

January $14,724,216 +$3,966,033

February 14,667,9:5 + 3,237-879

March 17.344-243 + 3,731-539

April .... 18.077.805 + 4,959,127

Hy R. J. Williams, BS.C. (Eng.).

M ( ).S r masonry and concrete arches which have been

erected in this country appear to fulfil the primary

condition of strength and stability which every

structure must satisfy. It is a rare occurrence

for an arch to collapse, and this, perhaps, accounts for

the fact that the theory of the ar<:h is not better understood.

It is, however, doubtful if many existing arches

have been designed with due regard lo economy, and

the cost may probably be much decreased, as explained

in Table I., by a proper method of design. In view of

the great number of bridges which will have to be rebuilt

in different countries on the termination of the war, when
money will be scarce, the design of arches ought to

receive more attention from practical engineers than has

hitherto been the case.

It is not proposed in this article to deal with tin-

subject from the mathematical point of view, though

most of the results have been obtained by mathematical

calculations. Mathematicians too often leave problems

at the stage when they begin to be of interest to the

engineer, with the result that their investigations have

not been of such service as they might otherwise have

been. It has been considered preferable to give sufficient

particulars to draw the necessary diagrams, so that the

reader may verify the accuracy of the results obtained,

and thus forin an opinion as to the merits of the designs.

For reasons which will be stated later, the arches

have been designed without backing or filling, and the

effect of the horizontal pressure of the gravel on the

extrados of the arch ring has not been taken into con-

sideration. As the term "arch" is applied to both the

arch proper and the complete structure (which includes

the gravel), the arch proper will be called the "arch
ring," wherever confusion would be likely to arise.

The stresses have been calculated on the usual

assumption that the stress curve on a cross-section is a

straight line, and the maximum stress is obtained from
the formula :

—

where / = maximum stress in lb. per square foot.

Q = normal thrust on a close section in lb.

t = thickness of arch ring in feet,

s = distance between the line of pressure and the

centre line, in feet.

The line of pressure, to avoid tension in the arch

ring, is supposed to lie entirely between the two middle

third lines, but it is certain that the arch ring would not

fail in tension at a section unless the maximum com-
pressive stress on that section exceeds the safe com-
pressive stress. The results of experiments on blocks of

concrete asymmetrically loaded would be interesting.

The chief difficult v in the design of the arch is, prob-

ably, the determination of the position of the line of

pressure. It must be a link polygon for the system of

loads, but an infinite number of such polygons may be

drawn by varying the polar distance, which represents

the horizontal thrust, or by making the link polygons

pass through different points in the cross-section at the

crown. Hence the system of loads is not sufficient to

determine the position of the line of pressure. If the arch

*".Surveyor," London, England.
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ring is hinged at the crown and springings, the problem

is considerably simplified, but, for varying loads, the

introduction of hinges would have the effect of weakening
the arch.

It is necessary, therefore, to make certain assump-
tions and to experiment on models of arches designed

according to those assumptions, in order to see how far

they are justifiable. It appears that, whatever assump-
tions are adopted, the arch, called the "Ideal arch," is

much stronger than a circular or semi-elliptic arch of the

same dimensions.

First Assumption.—The true line of pressure is that

link polygon for the system of loads which deviates the
least trom the centre line of the arch ring. Arguments
in favor of this assumption are wanting, and consequently
the lines of pressure are not shown in the diagrams, but
the stresses, if calculated, would be found to be only
slightly in excess of those obtained according to the third

assumption.

Second Assumption.— It is assumed ili.-u no arch
ring is stable for symmetrical loading unless the link

polygon, which touches the extrados middle third at the

Fig. 1.—Circular Arch

Fig. 2.— Ideal Arch. (Scales: Length, 12 ft. to the inch ; load, 120.000 lbs. to the inch.)

Table I.—Illustrating the Advantages of the Ideal Arch
Over the Circular Arch.

Ideal Arch. Circular .'\rch.

Span of centre line lOO ft. loo ft.

Rise of centre line I5 ft. 15 ft.

Oepth of gravel at crown. ... 4 ft. 4 ft.

Span of intrados gS.2 ft. 97.8 ft.

Rise of intrados 14.7 ft. 14.6 ft.

Thickness of arch ring 3 ft. 4 ft.

Maximum compressive stress

{a) Second assumption .... 76,300 lb. The critical

line of pres-

sure cannot
be drawn.

(J) Third assumption .... 40,500 lb. 40,500 lb.

Width of arch 20 ft. 20 ft.

Total quantity of gravel 17,720 cub. ft. 18,250 cub. ft.

Total quantity of material in

arch ring- 6,390 cub. ft. 8,450 cub. ft.

Total weight of arch 2,1371,000 lb. or 3,360,000 lb. or

1,322 tons. 1,500 tons.

Appearance Pleasing, owing Uniform c u r-

to gradually vature c o n-

varying cur- trar\' to laws
vature. of beauty.

Some writers define the "Ideal arch" as the arch

in which the centre line of the arch ring is the actual

line of pressure for the given load. This evidently as-

sumes that the centre line, if it is a link polygon for the

system of loads, is the true line of pressure. Generalizing

this, the first assumption may be stated as follows :

—

crown, lies entirely between the two middle third lines

between the crown and springings. In order that this

condition should be satisfied, the horizontal thrust must
not exceed the product of the radius of curvature of the

extrados middle third at the crown and the total load on

a section of the arch, i ft. wide, of which the cross-

section at the crown is the central line. If H denotes the

horizontal thrust, P the radius of curvature, go and t the

depths of the gravel and arch ring at the crown, and Wi,

;c'g, -it'a the respective weights of the live load, gravel, and
material of the arch ring, then H must not exceed P {v\

+ go, wg -f t'iVs.). If such a line can be drawn it is

evident that, by reducing the horizontal thrust, the line

can be made either to touch the intrados middle third at

or towards the springings, or to pass through the same
middle third at the springings, and the line would then be

the critical line or pressure.

Though the first signs of collapse in arches have
appeared at points suggested bv the critical line of pres-

sure, it does not necessarily follow that the true line of

pressure tended to approach that line of pressure pre-

vious to internal collapse. The apparent cause of failure

is often different from the real cause, and the line of

pressure may have taken up the position indicated by
the critical line of pressure as a consequence of internal

failure. Failure of the backing or insufficient depth of

gravel at the crown would tend to concentrate the load



544 THE CANADIAN ENGINEER Volume 30.

at ihu crown to a jfrcaler cxlonl lli.m al ollui sections

during the passage of a live load.

'i'liis assumption is usuall)' considered as the cri-

terion of stability, but some arches, which have been
slandini; for years without showing any signs of col-

lap^-int;, do not satisfv the tost.

Third Assumption.—The author is inclined to think

thai ilic true line of pressure follows the line of least

resistance, which is the link polygon which gives the

least stresses in the arch ring.

The assumption underlving this assumption is, that

lor comparali\ elv low stresses, the resistance of con-

crete and masonry to compression increases with the

stress. If the line of pressure deviates from the centre

line, the maximum stress on a cross-section is thereby

increased, and increases with the distance of the line of

pressure from the centre line, in accordance vi'ith the

lormul.'i previously given. Hence the resistance to com-
pression tends to make the deviation of the line of pres-

sure Irom the centre line as small as jxissible. The line

of pressure, on the other hand, tends to rise at and near
the point at which a load is applied and to fall at other
points, so that it tends to deviate from the centre line at

points where it previously coincided with that line.

Equilibrium is established when the maximum stress at the
extrados of one section is equal to the maximum stress at

the intrados of another section, and equal or greater than
the maximum stress at any other section. According to
this assumption the Ideal arch is the arch in which the
maximum stress at every cross-section is the same. This
will he found to be an arch in which the centre line of the
arch ring is a link polygon for the system of loads, but,
for an arch ring of uniform thickness, the true line of
pressure would not coincide with the centre line except at

the springings, the stress there being uniform and the
same at the extrados and intrados, and the same as at the
extrados of every other section. Such an arch, if designed
for the maximum load, would be strong enough to support
a smaller load, though it would not be the Ideal arch for
the decreased load.

The centre line of a circular arch is not a link polvgon
for the system of loads on an arch ; hence the maximum
stress at every cross-section will not be the same for an\
position of the line of pressure. The true line of pressure,
however, takes up such a position that the maximum
stress at the extrados of one cross-section is equal to the
maximum stress at the springings, and greater than the
maximum stress at any other cross-section.

The advantages of the Ideal arch over the circular
arch are illustrated in Table I. and in the drawings, where
it is shown that an Ideal arch 3 ft. thick is as strong as a
circular arch 4 ft. thick.

The Backing or Filling.— It is usual in masonrv arches
to mtroduce a certain amount of backing or filling above
the arch ring. If this is intended to give additional
strength to the arch, it is unnecessary to design the arch
ring to carry the additional load, which is th'e excess of
the weight of the backing over the same number of cubic
feet of gravel. If the Intention is to increase the dead
load in order to reduce, as far as possible, the variations
m the stresses during the passage of a live load, the dead
load should be increased at the crown, where the variations
are likely to be greatest. If any backing is introduced, it

should extend over the crown so as to form an arch, which
would thus tend to distribute the load on the arch ring.
.\ backmg which does not extend over the crown acts like
a cantilever, and, in case of failure in tension at anv point,
would tend to exert an excessive pressure at or near the

Though, in the designs submitted, no backing has

been introduced, the design of the Ideal arch may be easily

adapted to arches with a certain amount of backing.

Horizontal Pressure on the Arch Ring.—According to

tliroiies on e.irtli pressure, the \ertical pressure at any
point gives rise to a horizontal pressure, bearing a certain

ratio to the vertical pressure. An inclined surface, such

as the extrados of the arch ring, is thus subjected to a

horizontal pressure. The resultant horizontal pressure,

except in the case of \ ery flat arches, acts below the centre

of the cross-section at the crown, and would thus tend to

lower the position of the line of pressure at that section.

The effect is, however, small, and as the tendency is to

strengthen the arch by counteracting the influence of the

vertical load, it has not been taken into consideration in

the designs.

Explanation of Diagrams.—The weight of gravel is

taken as no lbs. per cubic foot, and the weight of the

material of the arch ring as 160 lbs. per cubic foot. The
depth of the gravel at the crown is 4 ft., but this is

equivalent to a depth of gravel of 2 ft., and a uniformly

distriljuted live load of 220 lbs. per square foot, or a depth

of gravel of 3 ft. and a live load of t to lbs. per square foot.

Circular Arch (Fig. 1).—On the right-hand side, the

lines of pressure Nos. 2 and 3 have been drawn, in ac-

cordance with the second and third assumptions respec-

tively, for a circular arch 4 ft. thick. The radius of the

extrados middle third is 91.5 ft. and the total weight of a

section of the arch, i ft. wide, at the crown is 1,080 lb. ;

hence the horizontal thrust for the line of pressure No. 2

must not exceed 98,820 lbs. This line of pressure cuts

the intrados middle third towards the springings, so that

the arch is unstable according to the second assumption.

The link polygon, which touches the extrados middle third

at the crown, and which passes through the intrados

middle third at the springings, lies outside the extrados

middle third near the crown, though this might not be ap-

parent unless the figures are drawn to a large scale.

The line of pressure Xo. 3 cuts the cross-section at

the crown just below the centre line. Between the crown
and springings it cuts the centre line at two points, and

lies for a part of the distance above the centre line. The
maximum stress on the cross-section at the point M is

about 40,500 lbs. per square foot, and is equal to the

maximum stress at the springings and greater than the

maximum stress on any other cross-section. Hence this

line has been drawn in accordance with the third

assumption.

The vector polvgon has not been drawn for the line

of pressure Xo. 3, but the pole is indicated by a small

circle, the polar distance being greater than for line Xo. 2.

On the left-hand side the dotted curve G.4o indicates the

surface of the gravel in a circular arch 4 ft. thick, which

would make the centre line of the arch ring a link polygon

for the system of loads. The load in this case Is evidently

much less than the actual load on an arch, and it is ditli-

cult to imagine that an arch is ever loaded in such a man-
ner as to make a circular arch the ideal arch for the system

of loads.

For a semi-circular or semi-elliptic arch, the centre

line is a link polygon for a load which would be infinite at

the springings, the load curve being as indicated in Fig.

3. This figure is drawn for a semi-circular arch, but the

figure for a semi-elliptic arch would be similar. The load

is represented by the vertical distance between the load

cur\e and the centre line.

Ideal Arch (Fig. 2).—The same lines of pressure are

<ir;uvn as lor the circular .•ir<h, the line Xo. 2 being drawn
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on till- right-hand side and the Hne No. 3 on the left-hand

side. Portions of the middle third hnes are shown in

dotted lines in this as well as in the circidar arch. The
line of pressure No. 2 lies entirely between the two middle

third lines; hence the arch will not fail in tension. The
line of pressure No. 3 lies a little abov'e the centre line at

the crown and between the crown and springings, and

coincides with the same at the springings. The maximum
stress at each section is found to be about 40,500 lbs. per

square foot, and the line therefore satisfies the third

assumption.

The diagrams ma)' be drawn from Table II., the

extrados and intrados being the curves which touch the

circles drawn with their centres on the centre line and of

diameter equal to the thickness of the arch ring. The
centre line of the circular arch may be drawn with a beam
compass, the radius being 90.83 ft., or from the ordinates

gi\en in the table:

—

Notation.

.V = distances on each side from the vertical line at

the crown.

AC = ordinates of centre line.

APz = ordinates of line of pressure No. 2.

-JP3 = ordinates of line of pressure No. 3.

AG = ordinates of line GAo.
He = horizontal thrust for link polvgon coinciding

with centre line.

H: = horizontal thrust for line of pressure No. 2.

H, = horizontal thrust for line of pressure No. 3.

t = thickness of arch ring.

SASKATCHEWAN WATER COMAIISSION.

Table II.

Circular .Arch. Ideal .Arch.

He = 98,090 lbs.

I

for gravel up to G.Jo]

H= = 98,820 lbs.

H, = 1 12,200 lbs.

/ = 4 ft.

A/c = 97,500 lbs.

H; = 90,200 lbs.

H, — 96,720 lbs.

t = 3 ft.

.Ml distan(-es measured in feet.

.IG .J P.
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per day, whicli is .1 c|iiilc inadi'f|iiatL' supply. II tlic future

development i)f the city is not to be endangered a further

supply must be found, but in Mr. Francis' opinion the

local sources of supply are even now being fully utilized.

The city of Rcgina is slightly belter off, as the local sources

of water supply have not yet been fully developed, and it

is considered that enough for a city of 100,000 population

could be secured.

One of the gravest features of the whole situation is

the question of supplying the requirements of the railways.

At the present time here and there along the railway lines

tanks are supplied from dams built across ravines and
small creeks to hold the water collected in these basins.

This source of supply, however, can at best only be termed
precarious. It is, of course, at the divisional points that

the railway requirements are largest. It has been esti-

mated that the trains passing through Regina alone re-

quire from 600,000 to 700,000 gallons per day. In addi-

tion, both at M(x>se Jaw and Regina there are machine
and repair shops and round houses taking about 1,000,000
gallons per day at the two points. .\t Moose Jaw a dam
across the Moose Jaw Creek gives a supply of water w-hich

would be only barely sufficient in a dry season, while at

Regina a gravity pipe line from Pilot Butte supplies about
500,000 gallons per day, but this is about all the water
which can be supplied from this source. It will thus be
.readily seen that if a dry season should come, and if at

the same time there should be any extra pressure of busi-

ness, the railways would be faced with very serious diffi-

culty in obtaining adequate water supplies.

.\ suggested method of diverting the water is as
follows: Inst.ll] a pumping plant at the river, and pump
to the top of the hill east of the river, a distance of about
5,500 feet. From this point the water could be conveyed
in an open channel by gravity to the head of Thunder
Creek, and thence down the Thunder Creek Valley by an
open channel and in the creek to Pelican Lake. Construct
a reservoir of a suitable size at the upper end of Pelican
Lake, and from this pump the water, after filtering it

through some 50,000 feet of pipe line, to join with the line

leading from the head works reservoir of the Sandy Creek
Moose Jaw water supply, to Moose Jaw. Construct an
open channel from the Pelican Lake reservoir to join with
Thunder Creek to Moose Jaw. About one mile near the
outlet of this latter line from the Pelican Lake will have
to be a closed gravity channel.

In order to insure that the city of Saskatoon will not
suffer in any way from the diversion of this water, it is

proposed to store sufficient water in the reservoir for
winter use, as the effect of the withdrawal w-ould be
greatest at the period of minimum flow in Januarv,
February and March.

The financial side of the problem has also been care-
fully studied by the commissioners. In their opinion it is

imperative that the scheme should be financed on the
security of those interested in such a way that other in-
terests, as their need arises, could be added to the system.
An alternative scheme for the improvement of the' water
supply at Moose Jaw is suggested which would meet for
the time being the requirements of the situation until the
time arrives when this scheme in its entiretv becomes a
necessity.

The report concludes with the following paragraphs:
"The immediate ditliculty is to devise such a svstem

that the first cost will not be beyond the means of the in-
terests involved nor the cost of the water prohibitive. It
IS questionable under present conditions if the sum of
S85C.000, which is the estimate for the initial construction
by the cheapest method yet devised and reported on that

will give the comparatively small quantity required at

present is not beyond the abilities of those immediately

interested to finance.

"The desirability of both the ;ibove modifications

should be canvassed before exact plans for construction

are prepared or construction imdertaken, or before a de-

cision is made that it is beyond the possibility of construc-

tion under the present conditions."

TRADE INQUIRIES.

The following inquiries relating to Canadian trade have
been received by the Department of Trade and Commerce,
Ottawa. The names of the firms making these inquiries,

with their addresses, can be obtained only by those especi-

ally interested in the respective commodities upon application
to : The Inquiries Branch, the Dipartment of Trade and
Commerce, Ottawa, or the Secretary of the Canadian Manu-
facturers' .Association, Toronto, or the Secretary of the Board
of Trade at London, Toronto, Hamilton, Kingston, Brandon,
Halifax, Montreal, St. John, Sherbrooke, Vancouver, Victoria,

Winnipeg, Edmonton, Calgary, Saskatoon, Chambre de Com-
merce de Montreal and Moncton, X.B. Please quote the
reference number when requesting addresses.

—

349. Pitprops.—A North of England firm of importers
would like quotations per 72 lineal feet, c.i.f. Hull, on pit-

props of the following dimensions : 3-inch top diameter, 3
to g feet long 3j2-inch top diameter, 3K to g feet long;
4-inch top diameter, 4 to g feet long; 4J^-inch top diameter,

4!2 to 9 feet long; 5-inch top diameter, 5 to g feet long;
5'^-inch top diameter, s% to g feet long; 6-inch top dia-

meter, 6 to g feet long; 6K-inch top diameter, 6% to g feet

long ; 7-inch top diameter, 7 to g feet long.
362.—Steam-Electric Power Plant Apparatus and En-

gineering Specialties.

—

A gentleman who intends visiting

New Zealand during the coming summer is desirous of

securing the agencies of Canadian engineering manufacturers
of steam-electric plant apparatus and engineering specialties,

and is desirous of receiving full technical description of

apparatus, together with illustrations, w'eight of apparatus,
shipping weight, and weight of heaviest piece, and over-all

dimensions. Present prices either f.o.b. Canadian or Ameri-
can port or c.i.f. New Zealand port.

370. Tungsten Ores.—.•\ Liverpool firm of mineral and
metal importers would be glad to receive offers from Cana-
dian producers of tungsten ores, of which they seek supplies.

371. .Asbestos Millboard.—.A London iirm desires the

addresses of Canadian manufacturers of asbestos millboard.

387. Trade with India.

—

A large importing firm in India
desires catalogues and wholesale price lists from Canadian
manufacturers of hardw-are, implements, tools, plantation

supplies, etc., as outlined on page 86^ in Weeklv Bulletin
No. 638.

3S9. Agencies.—A Cape Town firm of commission
agents, having a number of travellers on the road are pre-

pared to take up Canadian agencies. Correspondence re-

quested.

3g2. Calcium Carbide.—A London firm asks to be placed

in touch with Canadian manufacturers of carbide of calcium
with a view to shipment to .Australia.

3g5. Foundry Requisites or Foundry Plant of any Kind.—A Glasgow firm would be glad to hear from Canadian firms

making a specialty of above.

3g6. Haematite Iron Suitable for Malleable Castings.

—

-A Glasgow firm is anxious to obtain supplies of above from
Canada.

397. Heavy Steel Riveted Crane-Casting Ladles.—.A

Glasgow firm wishes to receive quotations, c.i.f. Glasgow,
for eleven crane-casting ladles, steel riveted, each 50 tons

and complete with double set of stopper gear ; also a con-

siderable quantity of steel mandril bars for drawbenches,
the bars to be cut from 1% to 2-'8 inches diameter by 30 feet

long and to be machine straightened. The material for these

bars must be of a hard and ductile quality as per following
analysis :

—
Approximate analysis :

—

Phosphorus 0.02S
-Sulphur 0.030
.Silicon 0.203
Manganese 0.8
Combined carbon : 0.6



May 1 8, 191 6. THE CANADIAN ENGINEER 54-

THENICKAND BREAKTESTIN THE INSPECTION
OE STEEL RAILS."

STEEL metallurgists will recall that prior to the

general dependence upon the services of the analy-

tical chemist, that is, in the days when but few steel

works had their own laboratories, the grading of

crucible steel in the ingot, and before it was drawn down
into bars, was based upon the appearance of the fracture

of each separate ingot. After the ingots became cold, a

piece was broken off one corner and an expert workman
judged of the hardness of the metal by the exposed

fracture, and marked the ingot accordingly. Thus one

would be used for tool, another for drill, another for

spring steel, and so on.

In later years, when the dissatisfaction with the re-

sults given by steel rails led to much discussion as to what
changes should be made in the specifications governing

their manufacture, the Rail Committee of the American
Railway -Association called in consultation the late William

Metcalf, Past-President of the .American Institute of

Mining Engineers, 1881 ; Past-President of the .American

Society of Civil Engineers, iSgS-gq, and for years a steel

maker. Previous to that time drop tests of pieces of rail

representing each heat of steel had been included in some
of the specifications, but the object of such tests had been

limited to determining the ductility of the steel. There
had not been any prescribed breaking tests with a view

of disclosing the internal structure of the rail.

Mr. Metcalf, based no doubt upon his experience as

a maker of crucible steel, urged that the then current

testing did not go far enough, and that several pieces of

rail from each heat should be broken, and by the disclosed

fractures the rails from that heat accepted or rejected.

The committee, when reporting, did not adopt his sugges-
tions, but, based largely upon his insistence that the drop
testing as then conducted did not go far enough, many
railroad engineers graduallv enlarged the scope of their

drop-testing requirements until it became the general

practice to break, say, three pieces from each heat of

open-hearth steel and to accept or reject certain rails ac-

cording to whether or not interior defects were revealed.

It was argued that the practice should be extended to in-

clude the breaking of a piece of rail from the top end of

each ingot rolled, and in fact some experimental rollings

were made under such provisions, but opposition to the

plan of making this fracture test on a piece of rail from
each ingot developed among rail makers, with the result

that what seems to us to be a perfectlv logical method of

testing rails to insure against acceptance of defective

material, failed to have a fair working trial ; and thus it

remained, about a year ago, for the .Algoma Steel Cor-
poration, whose mill is at Sault Ste. Marie, Ont., to

open the door commercially, so to speak, to the possi-

bilities of a specification for rails, marking, we believe, a

distinct step forward in the direction of safer and better

wearing rails.

A contract for 10,000 tons of rails made by the Cana-
dian Pacific Railway with the Algoma company was the

first to require what has been commonly termed "the nick

and break test on each ingot," and this was quickly

followed by others for rails to be shipped to United States

under similar conditions of testing. In justice to the

Algoma company it may be said that they have become
so appreciative of the logic, as well as the economy, of

the nick and break lest that thi'y have seen fit to have it

incorporated freely and without extra compensation in

many of their specifications.

By the nick and break test mentioned above is meant,
firstly, the nicking; and secondly, the breaking, by some
mechanical means, of a short length of rail selected as re-

quired by the specification. This, it will be noted, must
be, for the first, or the original test, the top end of the top

rail of each ingot rolled, and naturally for this sample,

the crop end, which must be cut by the hot saws, from the

top of the "A" rail was used. These crop ends were
ordinarily from 18 ins. to 24 ins. long, and after being
stamped with the heat and ingot number, to permit of

identification, were allowed to cool for a little over thirty

minutes, and were then quenched in water, pains being
taken to insure quenching from a temperature color of

near black or natural cold steel, so as to render no ap-

preciable change in steel structure possible. Then the

pieces were nicked as desired ; and, for the purpose of

breaking, inserted in a specially designed anvil of a bull-

dozer (Fig. i) so arranged that the ram readily broke the

rail where it had been nicked, giving, without trouble in

most cases, the square character of fracture desired for

examination. Thus the fractures were ready for judging

*.'Vbstracted from the report of Robt. W. Hunt and C. \V.

Gennet, Jr., to the Rail Committee of the .American Railway
Engineering Association.

Fig. 1.—View of Bulldozer Used at Algoma Steel Works
for Breaking Crop Ends of "A" Rails,

Showing also the Quenching Tank.

in an average time of about one hour after the rails were
rolled, and in many cases long before the actual drop test

pieces were cold enough to test, and even before the rails

represented had reached the cold straightening presses.

It is interesting to observe that the bulldozer actually

broke the rails at a rate of about three per minute, or at

a rate, say, of 2,000 pieces in twehe hours ; and, as each

piece represented an ingot, the rate of breaking possible

shows it to be well in excess of any probable tonnage that

could be rolled with any present mill equipment. In case

of the fracture on this original test showing bad, thus

incurring the rejection of the top rail of the particular

ingot represented, it was necessary to locate that rail in

front of the straightening presses by identifying the heat

and ingot number and rail letter on it, and from its bottom
end to break a piece to represent the second rail of the

same ingot. This requirement continued to all of the

rails of the ingot as far as necessary, and it was found

possible to accomplish the desired end easily. A little care

in the distribution in front of the straightening presses of

the rails from the hot beds made the identification possible

without the necessit}' for extended searching, and when
the particular rail for retest was located, it was marked
and in due course taken to the nearest straightening press,

where a piec-e readily was broken from its lower or back

end and the fracture scrutinized b\' the inspector without
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delay nr trouble to the ri'fjuiar operation of the mill. In

fact, no greater trouble arose with regard to kx'atitig and
making the necessary retests than is demanded in any
mill when all the top rails of a heat, or even a whole heal,

have to be located and i<lentined in order to comply with

rejection requirements, a matter of more or less every-

day occurrence in some mills.

Undeniably the judging of the fractures produced by
the nick and break test is a matter of great importance,

and requires the services of experienced and competent
men ; but so do all the detailed parts of intelligent and
ellicient rail inspection ; in fact, the same statement can
be truthfully made in regard to every detail of steel rail

making. The trend of all matters pertaining to rails is

indisputably toward obtaining a safer and better wearing
product, railroad ofVicials and manufacturers alike being
more appreciative of conditions in this respect than ever

before; this attitude, no doubt, being stimulated because
of the activities of the different governmental and state

commissions. Recent improvements in mill practice have
been acknowledged, and it is equally true that railroads

are taking greater pains than formerlv with the main-
ten.mce of their tracks and equipment, and thus of greatly

increased importance is the employment of experienced

and competent inspectors with whom to entrust the duties

of rail inspection. Any specification and any detail of in-

spection b«-omes a hardship to the manufacturer and
wasted expenditure to the purchaser when inexperience

and incapable inspectors are employed, and luider such
circumstances the nick and break test specification is of

no greater assurance against accepting bad rails than it

is against making bad steel.

THE BUILDING AND FINANCING OF
SUBWAYS."

FROM a careful analysis of increase in population

in various cities, compared with the increase in

street railway patronage, this increase is at a

slightly higher rate per year than the square of

the increase in population of the territorv served.

As a result of the marked increase in patronage in

such cities as New York, Philadelphia and Boston, a con-
dition was reached on various highways where it was
deemed imp<-)ssible, or at least uneconomical to further

increase the number of street cars per hour. There is

some difference of opinion as to the exact point of satu-

ration for surface car service. To analyze in detail this

condition requires an assumption as to minimum head-
way between surface cars. Various estimates show that

an interval of nine seconds between moving units on the

street is consistent with safety. Assuming this fact and
adding to it the estimated period of rest of seven seconds
for a car, to permit of passengers boarding and leaving
would result in cars passing a certain point at the rate

of every sixteen seconds. Under these conditions a

maximum speed of twelve miles per hour and an average
speed of eight miles per hour can be maintained where
the usual number of stops are made. This figure is pro-

bably correct for practical operation.

In the report to the Merchants' .Association, of New
York, by its Committee on Transportation and En-
gineering, 1903, it is stated: "With a time interval of
sixteen seconds the number of cars that mav be moved

•Paper prepared for the mid-year meeting of the American
Elertric Railway .Association at Chicago, February, iQid.

past a given point per hour is 225." The committee did

not believe that on congested streets like Broadway,
New \'ork, a .service of more than 220 cars per hour
passing a point in any one direction could be reasonably

expected under the most favorable circumstances likely

to occur, but believed that this number per hour was a

reasonable estimate ol what should be done.

They further stated: "We are confirmed in this

belief by our own observations of what is being done at

this time in Boston, and the large number of headway
observations on Broadway at Chambers and at Houston
Streets appear to practically confirm the above con-

ditions.
"

Experience in Boston partially confirms the opinion

of the Commission, for previous to the opening of the

W'ashington Street tunnel it was believed that a point

of saturation had been reached, at which time there were
operated between two points on Washington Street a

maximum of 213 cars per hour in each direction. Pre-

vious to the opening of the Boylston Street subway in

Boston as high a number as 260 cars per hour were
operated in one direction over a very short section of a

certain line on a special occasion, but this was made
possible by part of the service operating in the Tremont
Street subway and around the Park Street station loop.

The Public Service Commission for the First Dis-

trict of New York, .April 17th, 1908, ordered "a minimum
number of 25 cars in one direction in each fifteen-minute

period on certain .sections of Broadway." This would

be at the rate of one car every thirty-six seconds, and it

is believed by some that this is the lowest headway con-

sistent with reasonably rapid movement of cars when
all conditions are considered, such as vehicular inter-

ference, line intersections, joint usage of certain stretches

of track, etc. Further, this thirty-six second headway
is exceeded on some lines in New York on certain short

stretches of track, where they operate from two to three

times as many cars as are required for a thirty-six second

headway.

There should be kept clearly in mind also in the

study of maximum capacity of surface lines the differ-

ence between maximum number of cars that it is possible

to operate and the speed consistent with good service.

In view of the above it is fair to assume, therefore,

that when street car service for short stretches of track

has reached a number slightly in excess of 200 cars per

hour capacity the capacity on this stretch of track might

be said to have reached a saturation point after which

additional arteries must be utilized or other transportation

facilities provided. Of course, this figure is also gov-

erned by the width and alignment of streets, as well as

the size of the units and general traffic conditions.

Very often the saturation point of surface tracks is

not the governing feature in added facilities, for neces-

sity for such additional arteries is due to the demands
of the public or. public authorities for a more expeditious

and convenient means of travel. Regardless, therefore,

of the cause of providing high speed transportation

facilities in the congested districts, there is no question

but what the construction of same is unavoidable for

one reason or the other.

When tracks on a certain street have reached the

saturation point, whatever that may be, and additional

transportation facilities must be provided, every conceiv-

able effort should be made to use parallel streets for

additional surface tracks, or even build an elevated struc-

ture. It is absolute e<~onomic waste to recklessly spend
enormous sums of money for subway construction merely
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because a particular highway has operating upon it all

the surface cars consistent with either good transpor-

tation, or economy and subway construction should only

be decided upon after other and less expensive means ot

furnishing additional transportation have been sutliciently

studied to justify their inexpediency.

The enormous amount of tratlic absolutely necessary

to support expensive subway construction makes it incum-

bent upon those responsible for such expenditures to

thoroughly satisfy themselves that the traffic offered and

the conditions prevailing compel subway construction

rather than the use of other arteries on the highway, or

even private right-of-way construction on the surface.

From the commencement of operation of surface car

service over a specific stretch of track, up to the time

when such track is completely saturated with cars, the

interest charges for the investment on this particular

stretch of roadbed per passenger decreases as passengers

and riding over same increase, and, therefore, up to the

point of saturation, or up to the point when the total

capacity of the roadbed is availed of, the greater number

of passengers, the less expense for fixed charges per

passenger.

On several properties in the United States there have

been constructed high-speed underground thoroughfares,

either as result of surface tracks having reached a point

of saturation or as result of the demand of the public

for more expeditious transportation. Inimediately upon
such construction taking place the fixed charges per pa.s-

senger jump entirely out of proportion to what they were

at the moment of surface track saturation, and ordinarily

due to the nature of construction of the subway where

it is necessary to build the same cross-section for a

one-car train on fifteen minute headway, as is required

for a lo-car train on a minute and a half headway, the

fixed charges per passenger carried are entirely out of

proportion to the ultimate capacity of the subway.

.A marked example of the enormous investment

necessary for con.struction of a subway is that of the

Washington Street tunnel in Boston, built in igo8. The
surface car tracks over the highway under which the

Washington Street tunnel was constructed for a distance

of approximately one mile represent an investment of

approximately 8253,000, while the tunnel cost approxi-

mately nine and a half million dollars, which, by the way,

so far as we are able to learn, is the most expensive mile

of roadbed and track in the world, not excepting the

Jungfrau Tunnel in Switzerland.

In other words, the transportation companies build-

ing or leasing subways have been compelled to meet the

enormous fixed charge for comparatively small patronage

and pa}' the same rent or interest, whether the demands
of traffic require the operation of a few cars per hour
or the maximum capacity of the subway.

In certain instances there has been no substantial

increase in rate of patronage where rapid transit service

has become necessary. That is, the rate of increase of

passengers carried per annum is not materially changed
upon the inauguration of rapid transit service.

Generally speaking, it is granted that the cost of

operation per passenger capacity with trains in a subway
is materially less than electric car service on the high-

way, but unless the load factor is such as to give an

opportunity for use of a reasonable capacity of the sub-

way throughout a large percentage of the twenty-four

hours, the fixed charges per passenger considerably more
than offset the reduction in operating expense per car

passenger capacity.

The original basis of establishment of rate of fare

was entirely without regard to enormous subway invest-

ments, with a right-of-way furnished by the community,
and if as result of entirely changed conditions, such as

the outgrowing of the highway capacity or the pressure

of the community, it becomes necessary to construct ex-

pensive underground thoroughfares, then either the rate

of fare must be changed to meet these changed conditions

or the community as a whole, benefited as result of such
subway must bear, in a measure at least, proportionately

to the indirect benefits accruing, a certain portion of the
fixed charges until such time, if ever, as the ultimate

capacity of the tunnel is reached and the load factor more
nearly approaches 100 per cent.

There can be no question of the equity of such an
arrangement, for it has been established without question
that upon the construction of the subway the complexion
of the community served radically changes, property
values increase, particularly in the outlying district, and
rents are correspondingly raised by landlords.

There is no reason, therefore, why the patron renting
a home in the community benefited should pay an in-

creased rate of fare and at the same time pay increased
rental for his home as a result of the landlord's values
having been increased by the subway construction.

The effect upon capital of companies who are en-
deavoring to furnish adequate transportation facilities,

and who are required to pay interest or rentals on enor-
mous investments entirely out of proportion to revenue
received, can be readily concluded, and the consistency
of the arguments, as well as their equity, compel recog-
nition to the extent that where investments of this char-
acter become necessary the community as a whole must
be compelled to participate in the support of same. This
has been well evidenced by the case in New York, where
in the construction of the latest subways the city of New
York contributes in part towards the investment and fixed

charges until such time as the net earnings resulting from
the operation of the subway permit, after proper charges
of every character, including operation, depreciation,
etc., of the company bearing same.

The construction of subways, which are nothing
more nor less than public highways, differs from other
similar public improvements, such as surface highways,
sewers, water systems, park systems, etc., in that instead
of being constructed from time to time in proportion to
the degree to which its capacity is to be used it is neces-
sary, due to the physical nature of tunnels to build them
substantially as large and at as great an expense in the
first instance as is necessary to provide for not only the
immediate requirements, but for the requirements of

several years in the future. In other words. State high-
ways. Metropolitan waterworks, sewerage systems. State
parks, etc., are built and added to from time to time,
and the ability of the community to digest same governs
\ery largely the rapidity with which such systems are
enlarged. In the case of a subway, however, it costs so
much per running foot to construct, and a cross-section
is just as expensive construction for a one-car train run
once an hour as for a ten-car train run on a minute and
a half headway, or its ultimate use.

It is thoroughly unfair, therefore, that a street rail-

way company should be called upon to pay the entire

interest on such an investment when the demands of the

traffic and the amount of business available requires at

the moment only a small proportion of the total available

capacity. • -
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In vU'W of the ni.irUccI imiciist.- in land values and
gi-ncral lifnclit to the comnniniiy as a whole as result

of sul)\vay constiuction it would seem ei|uitahle that those

properly owners who so materially bcnclit should con-

tribute in some proportion toward the fixed charges for

such improvement. In contradistinction of this, if the

unit of fare was increased the tenants of ilu' buildings

in the territory involved would not only pay, as result

of the subway, increased fare, but also increased rent,

while the pr<iperty owner would receive all of tin- benefits

without particijpating in the expense.

It is entirely fair and proper that the coniniunity

should ha\e improved rapid transit facilities and

thoroughfares just as r.ipidly as they are willing to equit-

ably digest it.

In concluding, therefore, when the conditions on a

certain highway have reached such a point that .Klditional

transportation facilities are necessary, there should first

be an effort made to utilize parallel highways with sur-

face tracks at a reasonable and proper investment con-

sistent with the trani<- offered. If this for proper reasons

is dismissed there should then be effort made to construct

surface tracks on private land or elevated tracks on
either private land or the highway. If for good and

proper reasons these other means are dismissed there

is but one alternative left, and that is the construction

of subways.

In other words, every conceivable effort should be

made to provide additional transportation facilities at

as low an investment as is consistent with the demands
and the traffic offered, and the construction of subways
should be only entered into after the most careful,

thorough and conservative study and consideration of

other means of furnishing transportation and with a full

knowledge of the seribusness of burdening the com-
munity with tremendous investment and correspondingly

large fixed charges.

If, therefore, it is finally concluded with a perfectly

clear perception of what the financial results would be

that subway construction is necessary it would seem fair

that in the first place the Municipality, Metropolitan Dis-

trict or .State should finance same, as undoubtedly money
can be raised at a lower rate of interest than where such

financing is done by private owners; and secondly, the

community as a whole should participate with the com-
pany and riding public in the payment of interest charges.

More specifically, upon the completion of subways
or tunnels built by the community, they should be leased

to the transportation company serving that community
on a sliding scale, charging such company rental in pro-

portion to the relation of the capacity used to the total

capacity. By such an absolutely fair and equitable ar-

rangement the movement for subway construction auto-

matically regulates itself in a fair and equitable manner
to all interests.

There are approximately 82,530 deaths annually in the
I'nited .States due to accidents, and in connection with the
carrying- on of dangerous industries there are 25,000 deaths
and 700,000 injuries involving- a disability of long-er than
four weeks.

Stellitc is not steel, it contains neither iron nor carbon,
but is a tungsten. It is entirely unaffected by any degree of
heat that can be generated by cutting, and, it is claimed, will

maintain its edge at speeds which no high-speed steel can
stand, as well as be used on materials which high-speed steel
will not cut. Stellite must be held in a tool holder, as it is

of a brittle nature.

SLAG PORTLAND CliMKNT.

IN'
a |i;iper on "I'drlliiiid t'emenl" re<(iUly read by B.

J. Day, .\I.I..Mc( h.h;., before the Institution of En-

gineers aiul .Shipbuilders in Scotland, some particulars

were given regarding cement of which blast furnace

slag forms one of the ingredients. Mr. Day, although

recognizing that slag Portland cement is not as good as

the best Portland cement, and hence does not command
quite such a high price, yet is evidently in favor of its

manufa<ture, and for several reasons. He states that,

though it is true that it does not comply strictly with the

British Standard Speoifi<';ition for Portland Cement, it

nevertheless, if manufactured with care in a<cordance with

the most up-to-date process, may be made to approxiinate

very closely to it. .As reasons why the manufacture should

be proceeded with, .Mr. Day shows first that the slag is in

the ordinary course of events a waste product which costs

in some cases a considerable sum annually to dispose of;

secondly, that where the gases of the blast furnaces are

available the cost of the power required to make the

cement is a negligible quantity ; and, thirdly, that in any

case, owing to the fact that the lime in the slag occurs as

oxide and not as a carbonate, as in chalk and limestone,,

less fuel is required in the kiln. According to him a plant

producing 1,000 tons of cement per week would require

250 tons of coal less to produce that quantity if the cement
were made with slag than it would if the raw materials

were limestone and clay.

It is not all slags, however, which can be satisfactorily

used to produce cement. Mr. Day gives some typical

analyses of slags, as follows :—

(I) (2) (3) (4) (5)

SiO. . . .
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materials, and it is the same when using slag, and it is

there that the trouble of the varying composition of the

slag comes in. Still, with reasonable care and a com-
petent chemist, this difficulty need not be insurmountable.

There is, however, in addition, the mechanical difficulty

that slag cement clinker is particularly hard to grind

satisfactorily, and failure to appreciate that fact has been

the cause of much trouble. Still, with adequate grinding

pJant the grinding can be efi'ectively carried out. Then,
again, slag Portland cement, owing possibly, remarks Mr.
Day, to its high alumina content, is naturally very quick

in setting. This, however, can be readily adjusted by
known means, so that anv specified setting time can be
obtained.

The following table shows in what way slag Portland

cement is not in accordance with the British Standard
Specification, and how it compares in its properties with

cement produced from limestone and clay.

STANDARD FORM FOR CONCRHTE ROADS."

British Standard Specification
for Portland cement.

Neat r(a) 7 days ... •150 1b.

Aberthaw
" Druid" brand Slag Portland
Portland cement cement.

644 lb. sq. in. 623 lb. sq. in.

[ ( 40.000
Tensile [(b) 28 days... -[

" +—^
or, say, 539 783 ,,

Sand
V) 7 days .

(rf) 28 days.

250
10,000

[ or 290

283

382

729

207

280

Specific gravity ....Not less than 3.203

3.1

Expansion Not to exceed .66 mm.
10 mm.

2.96

1.5 mm.

It will be seen that whereas the slag cement has a

plentiful margin in excess of the standard requirements as

regards neat briquette tests, both at 7 and 28 days, the

strength of the sand briquettes is not equal to standard

requirements. The 28-day test, however, is not greatly

below the standard figure and the rise in strength between

7 and 28 days is greater than is expressed by the formula

10,000
c + . It will be noticed, too, that the specific

c

gravity is low.

Slag Portland cement is usually manufactured on the

dry or semi-dry system, but Mr. Day, in conjunction with

some clients, is carrying out some experiments with a

view to manufacturing on the wet system. So far, we
gather, these experiments give promise of success. Mr.

Day strongly recommends blast-furnace owners to consider

seriously the question of turning their slag into cement.

In the discussion following the paper it was pointed

out by a speaker that the sulphur in blast-furnace slag

would disintegrate the cement and therefore it would be

necessary to take very great pains in removing the free

sulphur from the slag. For reinforced work the use of

slag cement would be very dangerous. Other speakers

mentioned cases in which slag cement had been success-

fully used. It appears that with very efficient inspection

and proper tests of each shipment, and the storage of the

cement imtil the laboratorv results are known, that slag

cement for certain uses is economical and efficient, em-
ploying as it does a product which otherwise is more or

less wasted.

In proceedings by one railroad company in United States
to condemn for railroad purposes the land of another, the
Pennsylvania Supreme Court holds that the fact that the
latter had ceased to operate did not limit the damages to the
value of the ground for agricultural purposes, but permitted
recovery on the basis of its value by reason of its availability

for the location of a railroad.

THIS form is for the concrete pavement only. Cost
of other items, such as grading, drainage, bridges,

culverts, railings, etc., should be kept separately.

In consideration of the items mentioned, a division

should be made indicating those portions of the highway
improvement which can be considered as permanent as

differentiated from portions which will need renewal in the

Name and Location of Roa>l
Length Width Thickness
Proportions of Mix Number of Cubic Yards

Per
I. *Labor: Cu. Yd.

On subgrade $
On forms
Material to mixer
Mixer to place
Covering and cleaning

Total labor.

Concrete Materials :

Cement, f.o.b

Hauling
Storage
Lost sacks and waste.

Sand, f.o.b

L'nloading
Hauling

Stone, f.o.b. or in bins. .

L'nloading
Hauling

Total concrete materials.

3. Water:
Charge for

Piping
Pump . .

Labor, etc

Total water

5. Plant for forms (interest and depreciation).

6. Reinforcement
7. Joints

Total cost concrete pavement $

WAGE SCALE.
Superintendent Teams Common labor

.Assistant superintendent Auto trucks

Skilled labor Length of working day

(Remarks on features of plant and materials which
have special bearing on costs.

)

* Includes supervision.

course of time. Such a distinction is necessary in order

to work out any reasonable system of highway financing.

It will be noted that the form calls for reporting the

cost on a cubic yard and not on a square-yard basis. The
latter has been a popular method of reporting city paving

costs, but the former is probably now the prevailing

practice on concrete road work. The cubic yard system

has the disadvantage of preventing ready comparison with

the costs of other types, but possesses other advantages

which, in the committee's judgment, more than counter-

balance the disadvantage. The square-yard basis, on the

other hand, is not definite, for it neglects the thickness of

pavement, making comparison between two concrete slabs

of difTerent thicknesses difficult. The cubic-yard basis is

not open to this objection. The cubic-yard method of re-

porting gives repeated checks on the amount of stone and
aggregate used and on the thickness of pavement itself.

*From report of Committee to National Conference on
Concrete Road Building.
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THSTS 01 1:1 FKCT Ol METHOD 01 BHNDING
UPON THF Siri'l»ORTlN(i STRl-NGTH Ob

DRAIN TILE AND SEWER I»II»E.»

By
Drainage F.njrincei

Iowa State College

N. J. Schlick,

KiiKinccriniir Kxpciimcnt Station,

TESTS were made on J4-in. pipe, with tlie types of

bedding indiealed by the accompanying diagram.

Tlie general metiiod of procedure was to bed the

pipe in the various ways and then to ascertain tiieir

actual supporting strength by applying load through

standard upper sand bearing. A hydraulic jack suspended

from a beam anchored to two large concrete blocks was

used for the loading;, the amount of the jack load being

indicated on a gauge attached to the pimip w liich operated

the jack.

The test pipe was laid in a trench dug in made soil.

The top soil was a rather close black loam and the subsoil

a firm yellow clay. The location chosen for the tests of

pipe in earth beddings was such that only the lower por-

tion of each pipe was in clay. In all cases of earth bed-

<ling the filling material was loose top soil.

The work was done with labor unskilled in pipe

laying. For this reason, and also to insure uniformity in

the manner of bedding, the specified dimensions of the

trenches and concrete cradles were adhered to somewhat

more closely than they probably would be in a drainage

practice. Aside from the care taken to insure uniformity

the quality of the work was much the same as might

reasonably be obtained in any drainage district.

The pipe used were selected at the factory primarily

for uniformity. They were evenly burned and were free

from structural defects. The concrete used in the concrete

beddings was made with gravel from the pit on the

campus. This gravel is not an exceptionally high grade

and is probably no better than the average which would be

used for this purpose over the State. It was screened

and then remixed so that 50 per cent, would pass a '4-in.

screen. Two grades of concrete were used, grade -V, a

I : 5, and grade B, a i : 8 mixture of Portland cement and

the remixed gravel.

The tests were made when the concrete beddings were

approximately one month old. Classes 4-A, 4-B and 8

were the last put in, so that, because of a slightly shorter

time of setting and considerably cooler weather, the con-

crete did not obtain as great strength as that in the other

types of concrete cradles.

The concrete cradles, except those of class 7, were all

constructed with the concrete at the sides carried up to a

height equal to one-fourth the inside diameter of the pipe

above the mid height. In the earth beddings the side

filling was carried up to a little above the mid height of

the pipe. In each case this allowed the use of the

standard upper sand bearing over 90° of the pipe

circumference.

The types of bedding tested might be divided into

three general classes, namely, earth beddings, concrete

beddings for firm soils and concrete beddings for yielding

soils. This division can not be adhered to rigidly as some
types of bedding might be used in any soil stable enough
to prevent the pipe from settling. This is particularly

true of class 7, which was patterned after a concrete bed-

ding tested and bv tlir Philadelphia Board of Puhli<-

Works.

The first ol the earlh Ijeddings, class i, was made in

accordance with the "Ordinary" method described in the

"Standard -Specifications for Drain Tile" of the .Vmcrican

Society for Testing .Materials except that the pipe were
only bedded lo a little above the mid height. The trench

was shaped in the bottom to approximately fit the lower

90° of the pipe and the ditch filling shovelled in without

tamping. There was quite a wide range in" the supporting

strength of these pipe, but the average agreed quite closely

with the average strength as shown by standard strength

tests with sand bearings. Because of this close agreement
the average supporting strength of class 1 is taken as a

basis for comparing the strengths developed by the other

types of bedding.

The second class of bedding was the "First Class"

method described in the standard specifications mentioned
above. The trench bottom was sloped more accurately

and was covered with i in. to 2 ins. of Iikjsc top soil before

the pipe were laid. The filling was carefully tamped in,

especially at the lower yi points, up to a little above the

mid height. The average strength of this class was 28%
greater than that of class i and there was considerably less

variation in the results from the individual specimens.

In the other type of earth bedding, class 9, the pipe

were laid in a flat-bottomed trench and the spaces between

No4 '-Earth dug away
y-4' after concrhadset

No 7

Earth dug)
away after
concrete had set

hty/^X WMV.
\

Untamped ,r

No 9 C8C

•Extract from a paper road at the meeting of the Iowa
Drainage .Association.

Diagram Showing Nine Methods of Bedding Drain Tile

in Testing Supporting Power.

the pipe and the sides of the trench shovelled full of loose

earth. No especial care was taken to see that the spaces

between the bottom of the trench and the pipe were filled,

and examination after the test showed that the filling there

was so loose as to give the pipe no support. The average

strength of these pipe was 26 per cent, greater than those

of class I. This increase in strength is thought to be due

to the frozen condition of the ditch filling material at the

sides of the pipe at the time the tests were made. There

is reason to believe that this type of bedding will usually

give lower strengths than class i.

The results of these tests of pipe in earth beddings

bring out two especially interesting facts. First : The

strength of the pipe laid in the "Ordinary" method agreed

verv closely with that shown bv standard strength tests of

similar pipe, and second, that an increase in strength of

25 per cent, can be oljtained by more careful bedding, as

is specified for "First Class" pipe laying. This latter fact

is especially noteworthy as in many cases the \alue of the

25 per cent, increase in supporting strength will be much
greater than the extra cost of construction, including the

salary of an inspector.

None of the pipe in earth beddings would support a

larger load tliaii thai at which lhe\- cra<-ked. All ol the
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tests indicated very clearly that the supporting strength

of the pipe after cracking depended upon the bearing

power of the soil at the sides of the trench. The soil in

which these tests were made was probably more firm than

the average in drainage work so that the values of the

supporting strength after cracking are valuable for com-
paring with each other rather than for indicating what
may be expected in other places.

The pipe laid in concrete cradles as specified in the

standard specifications for "Concrete Cradles" for "Solid

Soils" were tested as class 3. The concrete used was pro-

portioned 1:8, as mentioned above. The bottom of the

trench was shaped to fit the lower 90° of the pipe and 2

ins. of concrete placed on it. The space between the sides

of the trench and the pipe, about 2^2 ins. at the mid height

of the pipe, was then spaded full of concrete up to a

height of one-fourth the nominal diameter of the pipe

above the mid height. These pipe had an average crack-

ing strength 64 per cent, greater than those of class i.

Class 5 beddings were a combination of the earth bed-

dings and the concrete cradle just described. The bottom
of the trench was shaped to fit the lower quarter of the

circumference of the pipe and the spaces between the pipe

and the sides of the trench, about 3 ins., filled with i :8

concrete. These pipe showed a cracking strength of 46
per cent, greater than those of class i.

The third class of concrete bedding for solid or firm

soils was class 6. The trench was dug with a flat bottom
and was about 6 ins. to 8 ins. wider than the outside

diameter of the pipe. The pipe was laid in the trench and
concrete poured in at 'the sides, care being taken to get

the concrete well around the pipe. Tests of this type of

bedding were made with two grades of concrete. In class

6-.\ 31:5 mixture was used and in class 6-B a I : 8 pro-

portion. The pipe of class 6-.\ supported a load 96 per

cent greater than class i before cracking. Those of class

6-B developed a cracking strength 80 per cent, greater

than that of class i.

It is not certain that the tests determined the maxi-
mum supporting strength of the pipe of these three classes

as the limit of the apparatus was reached on several

occasions. When a large load was left on a cracked pipe

for any considerable time, the uneven settlement caused
derangements in the best apparatus. However, the maxi-
mum loads recorded were very large, the average being
more than twice those supported by the pipe in earth

beddings.

The tests of these classes also indicated that the

supporting strength of a pipe after cracking depends upon
the bearing power of the soil. For example, the average
maximum loads supported by the pipe of class 6-B was
greater than that of the pipe of class 6-.\. These two
classes were the same except that the concrete used in

class 6-B was a leaner mixture than that used in class 6-.\.

The yielding of the lateral support was a gradual one.

These tests all indicated that if the maximum applied load

could have been held for a longer time, all the pipe would
have collapsed.

The pipe of these three classes showed a marked ten-

dency to develop side cracks at or near the top of the

concrete at the sides. Where the side cracks in the pipe

were below the top of the concrete it usually cracked

opposite the crack in the pipe. In each case in class 3, the

concrete was cracked along the centre-line at the bottom,

the crack appearing simultaneously with the crack in the

bottom of the pipe. . In a great many cases the cradle was
cracked near the lower li points by the continued applica-

tion of pressure after the pipe had cracked.

The pipe all cracked at the top at the same or less

load than at the bottom. In general, the development of a
single crack at the top was indicated by a slight decrease
in the indicated load, and the appearance of cracks in

both top and bottom by a marked clecrease in the indicated
load. The side cracks usually developed while the load
was being again raised to that at which caused the cracks
in the top or top and bottom.

The bedding designated as class 7 was patterned after

the Philadelphia method. This type of bed<ling or cradle

would be equally effective in all soils firm enough to allow
of the construction. The trench was dug a little wider
than the outside diameter of the pipe and the bottom left

flat. About 3 ins. of i : 8 concrete was placed the full

width of the trench and the pipe laid upon it. Concrete
was then placed around the pipe to a height of 6 ins. or

one-fourth the inside diameter, above the bottom of the
pipe. This bedded the pipe in concrete for a little over
90° but furnished no side support whatever, as the top
of the concrete was just about even with the surface of

the ground.

The pipe of this class showed an average strength

before cracking 82 per cent, larger than those of class i.

As these pipe received no side support, they collapsed as

soon as the main fractures were developed. These pipe

all cracked at the top at the same time, or before, they did

at other points. In no case did one of these pipe crack

through the portion bedded in the concrete. The general

failure was at the top and at the sides at the top of the

concrete. Some pipe also cracked at one '4 point at the

side but in no case at both sides }( points.

An examination after the tested pipe were removed'

from the concrete showed that each of the concrete cradle

was free from cracks. It mav be that as great a sup-

porting strength can be produced in the pipe with a lighter

cradle of this type. This type of cradle is easier to con-

struct and required less concrete than some of the other

types in which the pipe had no greater supporting

strengths.

.\s it was impossible to secure soils which would re-

produce the conditions met with in work in what are

termed yielding soils, a condition which was more severe

was provided. After the concrete in the cradles had set,

the earth was dug away at the sides down to the bottom

of the concrete. This method gave the pipe no side sup-

port except that furnished by the concrete cradle.

Tests were made of pipe bedded in "Concrete

Cradles" for "Yielding Soils" as specified in the "Stan-

dard Specifications for Drain Tile." In class 4-.-V 31:5
concrete was used and in class 4-B i : 8 concrete.

The trench was dug 10 ins. wider than the outside

diameter of the pipe and with a flat bottom. A 3-in. layer

of concrete was placed in the trench and the pipe laid upon

it. Concrete was then poured in at the sides up to the

specified height of }^ the inside diameter above the mid

height.

The pipe of class 4-.A. showed an average strength

before cracking 38 per cent, larger than those of class i,

while those of class 4-B supported 50 per cent, more load

before cracking than did those of class i. The fact that

the cradle of the leaner concrete gave the larger support

is attributed to the fact that the pipe of class 4-B were

laid before those of class 4-A and that cool weather and

frosty nights prevailed after the cradle of class 4-.\ were

poured.

The pipe of these two classes usually cracked at or

near the four '4 points at the same time, though the side

cracks were often at or near the top of the concrete. In
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all cases the concrete cradle cracked alonj; the centre line

in the bottom, and often at about the lower 's points of

the piiH>, at the same time the pipe de\eloped fractures.

After the cradles were cracked in the bottom, the two

sections revolved around the lower outside edges and the

pipe would support practically no load.

The bedding of class 8 were very similar to the com-
bined earth and concrete bedding of class 5, except that

the earth was dug away from the outside of the concrete

so as to reproduce as nearly as possible the conditions

prevailing when this type of bedding is used in yielding

soils.

The concrete used in these beddings was proportioned

1:9. It was poured in cool weather and had developed

only a comparatively small portion of its final strength at

the time the tests were made.

The pipe of this class had an average supporting

strength only 18 per cent, larger than those of class i.

The concrete received no side support so that the load

which developed the cracks in the pipe was the maximum.
These tests indicated that this type of bedding would give

but little side support other than that due to distributing

the pressure over a larger area. In many soils this would
result in a noticeable increase in supporting strength but

in very wet soils the incre.ise would be small.

The class of bedding still to be tested will be of the

same general type as class 4, which is the "Concrete
Cradle" for "Yielding Soils" of the "Standard Specifica-

tions for Drain Tile." The cradles of class 4 were made
with the minimum dimensions specified, while the new
type will be designed to safely support a 24-in. tile when
cracked at the four '{ f)oints and receiving the estimated
maximum load from ditch filling.

The data given above are from only one series of tests

and can not be taken as final until they are verified by
further work. There are, how-ever, some very important
general facts which are pretty definitely shown.

These results might be summarized in three general
statements, as follows :

—

1. The supporting strength of tile laid in the "Ordi-
nary" method is practically the same as the "Ordinary
Supporting Strength" show-n by the standard tests.

2. The supporting strength can be increased 25 per
cent, by more careful earth bedding and 80 per cent, or

90 per cent, by the use of concrete cradles.

3. The supporting strength after the pipe is cracked
depends upon the bearing power of the soil at the sides of
trenches, irrespective of the type of the bedding.

SHIPBUILDING IN CANADA

The Cunard Steamship Company recently bought

three second-hand steamers, having failed to find !)uilders

able to quote for new tonnage. For the three boats, the

company paid a higher rate per ton than they would have

paid before the war for new vessels. Two years ago the

little Uritish schooner "Coquitlam City" was built on the

Pitt River. She had her adventures and, becoming

severely strained during a voyage, was laid up. The boat

has just been chartered in San Francisco to load lumber

for .Australia next July. A $200,000 cement order recently

had to be refused by a Canadian firm on account of the

shortage in tonnage.

These are but three incidents of a tonnage shortage

which is daily becoming worse. It affects the conduct

and the length of the war and the transaction of business

during the w-ar. Its most serious efifect is likely to come
after the war, when we will all be clamoring for tonnage

during the big commercial campaign which will then be

waged.

In the House at Ottawa recently Sir (ieorge Foster,

minister of trade and commerce, said that the government
had made efforts to have vessels built. In the first place,

it had asked responsible persons what amount of tonnage
subsidy would be required to encourage the building of

wooden vessels of economical tonnage, say, from 2,000

to 5,000 tons. In reply it had received an offer to con-

struct such ships if a subsidy of $6 a ton were paid for

15 years, or $90 a ton in all. He did not think that was
reasonable.

The government had also received an offer to build

steel ships at the rate of from $125 to $135 a ton with
delivery in the latter part of 1917. Sir George said the

price was high and that the time of completion was too

far distant. Therefore, he thought that it would be neces-

sary to consider first the period of emergencies and then

the period following the close of the war. As far as the

latter period was concerned, he held that a country with
Canada's producing capacity should have a considerable
and a growing merchant marine, and that government
assistance might be necessary to that end.

It is doubtful whether this country will be able to

build many ships for "the period of emergencies," but it

is certain that if we are to enter the shipbuilding business,

with any success, for the period following the war, we
must begin at once. Sir George Foster intimated that the

government might be willing to co-operate in a shipbuild-

ing enterprise.

A SUBSTITUTE FOR PLATINUM.

An alloy for use in contact and spark devices to replace
platinuna has been patented by Mr, Paul R. Heyl, of New
Rochelle, N.Y. (assigned to Commercial Research Co., of
New York City). This alloy consists of silver and palladium,
in varying: proportions according to the conditions under
which it is to be used. An alloy of silver with 2 per cent,
of palladium has been found to give satisfactory results under
many circumstances. When the contacts or spark points are
exposed to sulphur compounds, 5 per cent, or more of palla-
dium should be used. The alloy which was found to give
the greatest resistance to spark erosion was that of 60 per
cent, palladium and 40 per cent, silver. .'Additions of palla-
dium to silver raise the melting point and lower the thermal
conductivity. It has been found that, on account of the high
thermal conductivity of silver, the heat from the spark will
be conducted awa\- fast enough to prevent melting of the
silver. In view of this fact, silver-palladium alloys with very
high percentages of silver can be used in a great many cases.

Walter J. Francis and Co., consulting engineers, Mont-
real, have moved to more commodious offices in the new
Bank of Toronto Building, 260 St. James St.

The .A.cting British Consul-General at Moscow reports on
Railway Development in his district as follows in "Railway
Gazette," London; Between Vladimir and Moscow on the
Nijni line there is a large and important manufacturing dis-

trict, of which Oriechovo-Zuevo is the chief centre. The
factories in this district receive their cotton and much of their
food supplies from the south, the goods in question coming
by the Kazan line. Owing to the 10 versts (about 6!.< miles)
between Ilinski Pogost and Egorievsk, which would unite the
Kazan and Nijni lines, not having been linked up by rail, the
cotton for the Oriechovo-Zuevo manufacturing district has
hitherto been compelled to travel up the Kazan line all the
way to Moscow and then back by the Nijni line to Oriechovo-
Zuevo. The connecting line between the Kazan and Nijni
railways having recently been completed by linking up Ilinski

Pogost and Egorievsk, and opened for trafiic, it is estimated
that the manufacturers of the latter town will be saved many
thousand roubles yearly in freight charges. .X similar pro-

ject has been formed to connect the Yaroslav and Nijni lines.
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MONTREAL AQUEDUCT PETITION.

Following is the text of the petition handed last week
to the city council and board of control of the city of

Montreal :

—

"To His Worship the Mayor and the members of

the Board of Commissioners of the city of Montreal.

"L. \. Senecal, Esq., Secretary.

"and to

"His \\'orship the Mayor and the members of the

city council of the city of Montreal.

"Gentlemen,

—

"Under dates of July 29, 1915, and October 7, 1915,

the Council of the Canadian Society of Civil Engineers

submitted to the mayor and council and to the commis-
sioners of the city of Montreal then in office a recommen-
dation that before further large expenditures were made
on the enlargement of the aqueduct or toward the con-

struction of the proposed hydro-electric power house at

the pumping station the project should be studied and re-

ported on by a commission of engineers of recognized

standing in the profession.

"The Council of the Society communicated with all

the engineers who had been named in the reply of Mr.

Cote as having reported on the project, and learned that

no one of them had studied and reported on it as a whole,

but that only isolated portions of the work had been sub-

mitted to them for consideration.

"The Canadian Engiiieer, in its issue of November
II, 1915, published a comprehensive article in which it

gave the history of the various enlargements of the aque-

duct which have been considered, the estimated cost of

the different proposals, and the approximate amounts
which had been expended up to that time. It also gave
the estimated probable expenditures still necessary to

complete the enlargement of the aqueduct, the construc-

tion of intake and controlling works, the bridges and
drains across the aqueduct and the building and equipping

of the power house and pumping station. The data for

the article were said to have been obtained from the en-

gineers of the city, and the conclusions drawn as to the

ultimate cost of the works appear reasonable. Unless the

figures, of cost given in the above-mentioned article are

very far astray it would seem wise to re-consider the whole
project and perhaps to modify it greatly.

"The opinion is quite generallv held by local en-

gineers having some knowledge of the work, but by no
means full knowledge, that the proposed enlargement of

the aqueduct and development of hvdro-electric power suf-

ficient to do the lighting of the city and to pump its water
is not a project which could be recommended from an
economic point of view.

"When the Council of the Canadian Society of Civil

Engineers made its recommendation, many members were
firmly of the opinion that :

—

"(i) No thorough studv had ever been made
of the cost and economic value of the great en-

largement of the aqueduct now proposed and of

its attendant works.

"(2) No complete design had ever been pre-

pared for the power house and its equipment or

for the intake and controlling works, and only
approximate estimates had been made of the cost

of these very important and costiv portions of the

work.

"(3) The original estimates submitted by the

engineers of the city were inadequate and the

work as it progressed was costing far in excess

of these original estimates.

"(4) The project as a whole had never been

studied and reported on by independent or disin-

terested engineers.

"In view of all the circumstances, and particularly

because of the fact that all the engineers named by Mr.
Cote deny in writing the statement attributed t(j them that

they approved of the project, we, the subscribing en-

gineers, endorse and repeat the recommendation of the

Council of the Canadian -Society of Civil Engineers, and
respectfully urge that a commission of prominent en-

gineers, specially qualified to pass judgment on the pro-

ject, be retained to make a comprehensive study and re-

port upon the cost of the work as now projected, and to

advise to what extent, if at all, the project may to ad-

vantage be modified or changed.
"Montreal, .\pril 20th, 1916."

The petition was signed by the following Montreal
engineers :

—

Sir John Kennedy, consulting engineer; Ernest

Marceau, superintendent-engineer, canals of the province

of Quebec; Herbert Wallis, iM.Inst.C.E., M.Inst.Mech.
E. ; K. W. Blackwell, vice-president, Canadian Steel

Foundries; Phelps Johnson, president, St. Lawrence
Bridge Co.

; J. A. Jamieson, consulting engineer ; Henry
Holgate, consulting engineer; M. J. Butler, director,

.Armstrong, Whitworth of Canada; G. H. Duggan, gen-

eral manager, Dominion Bridge Co. ; R. A. Ross, con
suiting engineer; C. N. Monsarrat, chairman and chief

engineer, Quebec Bridge Commission ; Walter J. Francis,

consulting engineer; .A.rthur Surveyer, consulting en-

gineer; C. H. McLeod, consulting engineer and secretary

of the Canadian Society of Civil Engineers
;

John B.

Porter, consulting engineer and professor of Mining En-

gineering, McGill University; W. Chase Thomson, con-

sulting engineer; H. M. MacKay, professor of Civil En-
gineering, McGill LTniversity ; E. Brown, professor of

applied mechanics and hydraulics, McGill University ; H.

O. Keaj', professor of transportation, McGill LIniversity
;

G. R. Heckle, engineer and contractor ; H. P. Borden,

member Quebec Bridge Commission; James S. Costigan,

consulting engineer; J. M. Robertson, consulting en-

gineer; C. Lelau, professor at Laval University and con-

sulting engineer ; William McNab, valuation engineer.

Grand Trunk Railway System; H. H. Vaughan, third

vice-president. Dominion Bridge Co. ; H. M. Jaquays,

works manager, .Steel Company of Canada ; W. F. .Angus,

vice-president, Canadian -Steel Foundries, Limited; R. J.

Durley, consulting engineer ; L. A. Herdt, professor of

electrical engineering, McGill University, and member of

the Montreal Electrical Service Commission ; .'Mex.

Pringle, consulting engineer.

Engineers employed by the various Montreal power
companies were not allowed to sign the petition because

Mayor Martin attributed the previous petitions to selfish

interests on the part of the local power concerns, and the

signers wished to make impossible such a charge in con-

nection with the above petition.

The Scottish railway companies recently gave public
notice that from March 20 the rate from Caledonian and
North British stations to other stations in Scotland would,
where they are not already at the maximum, be raised to the
maximum, less 10 per cent.
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(iOOI) WOADS ONi: 01 CANADA S CiUl-ATHST

ni;ki)s.»

By VV. A. McLean, Deputy Minister of Highways, Ontario.

Rl'RAL roads ;iii.' llie prim;iry tli:imu'l ol tiiillic.

Mong tlu-m, production, industry and commerce
li.ive their origin. Let the common roads be

closed, and railways will decay in idleness; ocean

liners will rust at their moorings. Nations have prospered

with<nit railways; but common roads, "Good Roads,"

have always been \ilal to iialiunal progress and <ii\eliip-

mcnt.

The lessening of the cost of transportation is a

measure of economy, of national thrift, which will pro-

"*ucc a large return on the expenditure. On this con-

;inent, the cost of team haulage is rarely less than 25

cents per ton-mile and is sometimes twice that amount.

L'nder the favorable conditions of good roads in Europe,

the cost is reduced to between 8 and 12 cents a ton-mile.

The tonnage carried over the country roads of Canada
is not readily estimated ; but railway statistics show that

the total amount of freight carried by the railways and

<iriginating in Canada, is alxiut (So,ooo,ooo tons. This,

for the most part, at one or both ends of the railway

journev, must pass o\er the wagon road. .\nd a con-

siderable additional amount, consumed lo«-ally, passes

over the wagon road without railway transportation. The
average wagon haul for farm and natural produce is esti-

mated at between seven and eight miles. It is probably

a moderate assumption for Canada that a total of not less

than 100,000,000 tons passes over the roads of the <-ountry

with an average haul of five miles.

Compared with European costs, good roads would
effect a saving of not less than ten cents per ton-mile.

Putting the amount saved at only five cents a ton-mile,

or 25 cents per ton for the average haul of five miles, an

adequate system of improved roads would create a profit

of $25,000,000 annuallv on the produce and merchandise
now' passing over the roads of Canada.

The time lost in travelling over bad roads is very

great. It has been estimated that bad roads occasion a

loss of a man and team for two weeks (12 working days)

annually to the average farm.

Bad roads limit the output of farms to the kind and
quality of produce that can be drawn to market. Good
roads permit the farmer to take advantage to the utmost
of the location and fertility of his land. In other words,
it may be broadly said that with bad roads the production
is restricted to the produce that can be hauled over the
roads ; w'hereas with good roads it is restricted onlv to

the amount and quality that can be grown and sold on the

market.

If the nation and the city are to reap the advantage
of increased farm population and production, rural condi-
tions must be m.ide to compete with city, by making them
profitable and agreeable.

Road-building is clearly one of the most important
public works remaining for Canada to undertake. When
the war is ended and our armies return, with a large ad-
ditional influx of immigration, it will be well if we are so
organized that roads can be built on an adequate scale,

not only to aid in the devekipment of Canada, but, tem-
porarily, to assist in giving employment during w-hat will

probably be a trying period of industrial readjustment.
Only a very wealthy country, improvident of its re-

sources, can progress under the handicap of bad roads.

*Reprinted from "Production and Thrift." AKri< ultural
War Book, issued by the Department of .Agriculture. Ottawa.

Those who lia\e bad roads consider good roads an ex-

pensive luxury. Hul those who have the advantages ol

good roads, know that (k)od Roads are a necessity.

Roatl-building is a slow pr<xess in part, because it is

expensive. .Vnd because the work is expensive, it must

be distributed over a term of years and among various

administrative organizations. But so distributed, and

looked at from the standpoint of annual ability, the under-

taking becomes less diflicult. The total twenty-year cost

of maintaining a household does not worry the average

man— if his annual income is sullicient for the annual

outlay. Road-building is a continuous work; if properly

carried on, is cumulative in its growth, and is a question

of annual expenditure a\ ailable to meet direct outlay, plus

sinking fund, interest and cost of maintenance.

In the Dominion of Canada there are about 250,000

miles of graded roads. The immediate objective in Canada

should be to substantially improve about i() per cent, of

the total, or 40,000 miles, which would carry the more
concentrated market or farm traffic ; while about 2 per

cent, additional, or 5,000 miles, should be treated on a

trunk road basis. The total cost might be approximately

estimated at $250,000,000, of which about $50,000,000

has been spent.

LETTKR TO THE EDITOR.

Need of Sewage Disposal Plants.

-Sir,— I have read with interest your editorial on the

Lethbridge epidemic, but beg to difter from you regarding

the solution of the problem.

The fact that the supply was being chlorinated raises

the presumption that the authorities were aware that the

water was subject to either continuous or intermittent

pollution, and yet it is evident that the efficacy of the

treatment was only checked by the examination of samples

taken at long intervals.

Chlorination, w-hen properly supervised, has been

proved by scores of instances to be effective in preventing

undue typhoid incidence, and the cost of such supervision

is cheap compared with that of an epidemic.

If Lethbridge wishes to obtain a satisfactory supply,

I would suggest that such means of purification be adopted

as w-ill ensure a w'ater of safe quality, and not depend upon
the prevention of pollution by some other authority. It is

becoming deplorably prevalent for corporations to en-

deavor to place the responsibility for epidemics on other

corporations because they have utilized the natural water-

cour-;es for the disposal of their sewage ; and to petition

legislative authorities for assistance when the remedy lies

in their own hands. The sooner the cities of this Do-
minion realize that the rivers are the natural drainage

courses for sewage, and that such streams must not be

utilized for domestic purposes w-ithout proper purification,

the quicker will typhoid become a disease of the past.

Onlv when the sewage of one community so pollutes a

river as to render it impossible for its neighbor to

.adequately purify it by reasonable measures, is there

any warrant for interference. If one community neglects

to protect itself, I cannot conceive that it is the duty of its

neighbors to relieve it of that task. This is, of course,

contrnrv to the principles of riparian law, but I submit

th.it it is the sane solution of 'he problem if municipalities

are not to be unduly burdened with excessive expenditures

with consequent retardation of development.

jO.SKPM RACE,
City B.acteriologist.

'Viawa, Mav fith, iqift.



Ma}' i8, 1916. THE CANADIAN ENGINEER

FOREST FIRES AND HYDRAULICS.

ROBSOX BLACK, secretary of the Canadian
Forestry Association, Ottawa, has distributed

25,000 copies of a booklet called "A Matter of

Opinion," which is intended to educate the public

to the importance of forest fire prevention.

Mr. Black discusses the matter from the viewpoints

of the settler, the camper, the banker, the railway man,
the power engineer, the fire ranger and the taxpayer.

The discussion from the viewpoint of the power engineer

contains the following interesting summary of the rela-

tions between forest fires and hydraulic engineering:

—

A chain is no stronger than its weakest link, and a power
development system is no stronger than the water supply

that turns its turbines. But we cannot stop there. The
best hydro proposition in America is just as reliable as

the forces that control the water flow, and if those forces

are out of hand, the entire undertaking, from the presi-

dent in the head office down to the three horse-power con-

sumer in the basement workshop, is likewise out of hand.

When I talk about controlling stream flow, I mostly

mean forests. Some power propositions have to equalize

the extremes of flood and drought by storage dams, but

storage dams are to a certain extent "engineering

crutches" to make up for a natural shortcoming. The
million-dollar levees on the Mississippi are man's method
of off-setting the effects of stripping the forests from the

watersheds of countless streams back on the Ohio and

other tributaries. The levees work—when they do work

—

and at an enormous annual expense, but had a reasonable

amount of the original forest growth been left on the

northern watersheds, the extent of levee building would
have been considerably reduced and the menace of annual

floods less to be feared.

I do not need to name the Canadian rivers from coast

to coast—that run to flood during the spring break-up and
to drought in midsummer. Everv province has them.

W'hether in British Columbia or Nova Scotia, munici-

palities and factories and hydro-electric companies face

the common diflicultv of regulating stream flow so as to

avoid dangerous extremes. Floods in Ontario, for in-

stance, along such rivers as the Thames, Moira, Credit,

and Grand, cause hundreds of thousands of dollars annual

loss. Where shall we look for the cause?

Nature designed the forests on our watersheds to be

the bit-and-rein of our streams. You have seen the thick

spongy "floor" to a well-canopied woodland. That is

nature's reservoir, designed for surplus waters of the

spring break-up. Destroy this reservoir with fire or care-

less cutting, and the logic of nature loses no time in

coming into play. Gravity has a clear field. .A^nd that

spells flood, erosion of hillsides, damaged farmlands,

streams out of hand, and hampered power facilities in the

industrial towns.

Should there be, then, no cutting whatever on water-
shed forests? That would hardly seem reasonable. The
rich agricultural lands will be stripped for field crops and
their forest cover, whether valuable for watershed pur-
poses or not, cannot be retained. The needs of agri-

cultural expansion are supreme. Even on non-agricultural

forested lands, it is onlv good economv to permit cutting
under proper regulations regarding diameter limit. Taking
out mature timber or pulpwood need not depreciate the

value of a forest for watershed uses, although indiscrimi-

nate "skinning" will spell a speedy ruin, ^^'hat I mean
is that a spruce forest can be cut to a 12-inch diameter
limit and yet 76. S percent, of the volume remain in grow-
ing condition. In other words, the reservoir properties

would be luiafffctrd. Protection against lire is, of course,
most important of all considerations.

Natural forests perform a service for streams which
cannot be measured in dollars. For power purposes we
must often supplement with storage dams, for even in the
primitive days before tree growth was touched by an axe,
the inequalities of flow between spring and .'Vugust were
often too great to serve the needs of the modern power
plant. .A.t the same time, the living forest is a most neces-
sary ally of the storage reservoir. Its functions are much
the same and the absence of storage capacity in nature
places that much more burden and expense on artificial

devices.

I have not mentioned the danger to all storage and
irrigation works, of the erosion of hillsides due to denud-
ing of tree growth and the consequent silting up of the
reservoirs. Prom that angle as from others forest de-
struction on watersheds plays the enemy to the power
engineer.

ONTARIO HEALTH OFFICERS ASSOCIATION.

The Fifth .'Vnnual .Meeting of the Ontario Health
Officers .Association will be held in Convocation Hall,

University of Toronto, on Tuesday and Wednesday, May
30th and 31st, 1916. Programme for this conference is

as follows :

—

Tuesday, May 30th.

10.00-11. 00 a.m.—Registration.

11.00 a.m. -12. 45 p.m.—"The Quarantine Period for

Measles," M. B. Whvte, Isolation Hospital, Toronto.
"Measles," A. D. Sm'ith, M.O.H., Mitchell. "Should
the Breadwinner be Quarantined?" \'. .\. Hart, M.O.H.,
Vespra. "Some Observations on Typhoid Fever in

Toronto," Fred. .Adams, Epidemiologist, Department of

Health, Toronto. "Epidemic Cerebro-Spinal Meningitis,"

J. G. Fitzgerald, Director .Antitoxin Laboratories, Uni-
versity of Toronto. .Appointment of committees: (i)

Nominations ; (2) Papers and -Arrangements.

2.30-5.00 p,m.—President's Address, .A. J. Macauley,
M.O.H., Brockville. "Modern Methods of Diagnosis and
Treatment of Diphtheria," \\'. H. Park, Director of

Laboratorv, Public Health Department, New York City.

"Tonsils and Adenoids," G. R. Cruickshank., M.O.H.,
Windsor. "Suggestions for Improvement of Association

Meetings," F. A. Dales, M.O.H., Stouff'ville. "Deduc-
tions of a New Ontario Medical Officer of Health," Edgar
Brandon, M.O.H., North Bay.

8.15 p.m.—Public meeting. "Sanitation in Serbia,"
\\'. D. Sharpe, Major, R. A.M.C., Brampton (with views).

War Scenes (views), Ruggles George, Capt., .A.M.C.,

Toronto.

Wednesday, May 31st.

12.45 P-m.
—"Auxiliarv .Aids in Public

H. W. Hill, M.O.H., London. "Rural

]. Moloney, District Officer of Health.

"Methods of Collection and Disposal of Domestic Wastes
in -Small Municipalities," F. .A. Dallyn, Provincial Sani-

t.Try Engineer. "Treatment of Sewage by Activated

Sludge," T. Chalkley Hatton, Chief Engineer, .Sewerage

Commission, Milwaukee, L^.S.A. Reports of Committees.

2.30-4.00 p.m.—"Prevention of Tuberculosis in

Children," H. Logan, M.O.H., Niagara Falls. "Water
Supply and -Sewage Disposal for Suburban Residences,"

J. S. Nelson, M.O.H., Westboro. "Forms for Keeping
Records of Communicable Diseases," E. C. Hender.son,

Assistant Statistician, Loc-al Board of Health, London.

10.00 a.m
Health Work,'
Sanitation," P
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(iiiL'IpIl, Out.— IIk- Board ol Ikallh has requfsU'cl

City Engineer McArihur to make a report on tlie city's

water supply.

Sarnia, Ont.— The new NUnluMii Navigation dock

has been completed and is now ready for the use ol the

boats and wagons. The dock adds greatly to the appear-

ance of the w ater front.

Quebec, F.Q.—The contractors on the St. Charles

Ri\er improvements are busily engaged in dredging opera-

tions, so that naxigation will be possible as soon as the

locks and dam are finished.

Calgary, Alta.—A new proposition to provide pure

water has been suggested by .\ld. Fawkes. The scheme

is one in which a series of filters would be installed, and

would cost about $80,000.

London, Ont.—The London and Port Stanley Railway

Commission has decided to purchase the incline railway

at Port Stanley, running from the beach to Fraser

Heights, from the Port Stanley .\musement Company for

$r,6oo.

Montreal, Que.—^L J. Tremblay, chief of the fire de-

partment, has advised different commercial establishments

that the city will shortly adopt the new system of under-

ground wires for the special fire alarm system in the

central part of the city.

Vancouver, B.C.—More than 22,000 feet, approxi-

matelv 4' : miles, of the C.P.R. Roger's Pass tunnel under

the Selkirk Range has been completed, and 25,000 feet,

about 4?4 iniles, of the main heading has been driven,

according to late progress reports received by the C.P.R.

Ottawa, Ont.—Formal notice has been given by the

government of a bill respecting the Quebec and Saguenay
Railway. It is understood that under the terms of the

measure to be submitted to parliament the sum of

84,000,000 will be set apart for the purchase and com-
pletion of the road.

Toronto, Ont.—The work on the Bloor Street viaduct

is progressing very favorablv. His Royal Highness the

Duke of Connaught and Sir John Hendrie recently in-

spected the work and manifested great interest in the

undertaking, which is perhaps the biggest the city has

ever seen.

Moose Jaw, Sask.—The fifth annual report of the

Moose Jaw Electric Railway Company, covering the year

1915, which has just been issued, shows the company to

have operated at a gross profit of $6,402.19 during that

year, though this profit was more than absorbed by some
damage actions against the company.

Winnipeg, Man.—Construction operations have been

resumed on the .Shoal Lake aqueduct. With the exception

of Boggy River, where water is holding up the engineers,

every part of the aqueduct groove is dry. The construction

companies will proceed on all their contracts and within

a week the work will be general. With the experience

gained last year it is expected that greater progress will

be made during 1916 than in T9T5. Possibly 1,000 men
will be employed.

St. Catharines, Ont.—The work on the Welland .Ship

Canal as far as the contracts have been given out is pro-

gressing favorably, and all indications are that with the

exception of the section at Thorold, where considerable

Ijjas'.ini; has to be dune, llie work will be coinijiilid on

schedule<l time. The work on sections 1 , 2, 3 and 5, the

sections for which contracts have been let, is progressing

\ery favorably, and with the exception of section 3, will

be finished on schetlule lime, 191 7.

Owen Sound, Ont.- The dry (l<i<k proposition, which

has been before Owen Sound <jlf and on for the last six

years, is again a live issue here. When in Toronto Mayor
Little was interviewed by a Mr. Stephens, of Niagara

[""alls, who is desirous of promoting the dry dock scheme.

The late Mr. Wood, who was behind it, and in whose
hands it came almost to fulfilment, was from Niagara

I'.ills, and Mr. Stephens expresses himself as willing to

take up the plans where he left off. In 1912, the govern-

ment agreed to grant the usual dry dock subsidy, and a

by-law was passed in Owen Sound granting $200,000

toward the scheme.

Calgary, Alta.— The Rogers Pass tunnel is nearing

completion, and according to recent reports it should be

ready for traffic in a couple of months. To prevent water

seepage the tunnel is to be completely lined with concrete.

This work is now being carried on speedily, the cement
for the work coming from the Canada Cement Company
at Calgary. The Rogers Pass tunnel will be the first all-

concrete-lined tunnel in Canada, and one of the few on this

continent. It is an expensive procedure, but assures

against ordinary slides and falling rocks within and the

consequent danger of derailment and wrecks. This lesson

was severely learned in the case of the spiral tunnels at

Field, B.C., which w-ere partly lined with timber and
partly unlined in any way, and to this day have given

great trouble from streains of seeping water in summer
and ice in winter.

Toronto, Ont.—The failure of expert divers last fall

to detect the defective cribwork in the new ship channel

in connection with the reclamation work and harbor im-

provements at .Ashbridge's Bay has necessitated the press-

ing into service of the hydraulic dredge "Tornado" of the

Canadian Stewart Company. Owing to the muddy condi-

tion of the water it has been impossible for the divers to

examine the work properly. In order to do the work
more efficiently with the assistance of the hydraulic dredge
sheet piling had to be installed across the channel, while

it was found necessary to dyke the channel near the turn-

ing basin. NrUlions of gallons of water will have to be

pumped out of the channel before the engineers will be

able to make a proper inspection of the defective cribwork,

a portion of which has already caved in and allowed the

sand to pour into the bottom of the channel.

Hamilton, Ont.—The proposed coke ovens, which
have been mentioned in this column before, are to be

erected, according to representatives of the United Gas
and Fuel Company, who were in conference with the

Board of Control. Under the agreement the Hamilton

By-Product Coke Ovens Company will commence at once

the erection of its ovens here, the same to be completed
and in operation in 1917. To take care of the intervening

time, especially the coming winter months, the United Gas
and Fuel Company has agreed to make such extensions

to its artificial gas plant as mav be required to maintain

a supply equal to the demands. Furthermore, the com-

pany will conserve all the natural gas obtainable for use

in this city, .^.s to price, it was announced that the agree-

ment was most satisfactory, the cotnpany having stated a

maximum .imount for both coke gas and also for the

mixed product. In the latter case until the percentage of

n.-itural gas falls below half of the whole output, the price

will remain at that charged for natural gas.
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MONTREAL ENGINEERS PETITION CITY TO
INVESTIGATE AQUEDUCT ENLARGEMENT.

Thirty-one of the leading engineers resident in Mont-
real have handed a petition to the city council and board

of control, again calling upon the authorities to appoint

A commission of prominent engineers for a comprehensive

study and report upon the aqueduct enlargement scheme.

The text of the petition is printed upon another page of

this issue.

There is no doubt but that the city council should

at once grant the request and appoint a strong and en-

tirely independent commission consisting of at least three

qualified engineers, a banker who is conversant with

the city's finances—Sir Frederick Williams-Taylor would

be most acceptable—and, as chairman, some prominent

Montreal business man who has the welfare of the city

at heart, and who has been efficient and successful in

general business matters, but w'ho has never "mixed in"

politically. This commission should be gi\'en funds and

authority with which to work unhampered, and its

hearings should be public. If necessary, it should be

made a Royal Commission, appointed by Quebec. The
matter is worthy of it. -Some ten millions of doU.irs may
be at stake.

Whether they ever recognize the fact or not, the

citizens of Montreal owe a heavy debt of gratitude to

the engineers of that city w'ho have brought this matter

to their attention, and who have kept at it, despite all

discouragements. To J. A. Jamieson, R. S. Lea and
O. R. Heckle must go the credit for having first brought

the matter to the city's attention. These three men had
been appointed by the city as consulting engineers to

investigate the break in the conduit which happened in

December, 1913. ."Xbout March ist, 1914, in reporting

upon the conduit, they made five recommendations, of

which the very first was,

—

"That before any further work is proceeded witli, at

least on the north side of the aqueduct, an investigation

be made by a commission of engineers into the entire

aqueduct scheme, w-hich will include revised estimates of

the cost of construction and the quantity and cost of the

power developed."

This recommendation was never adopted, and the

three engineers got a hearty "call-down" for touching

uf)on matters not directly bearing upon the conduit. How-
ever, from evidence that they had uncovered in their

conduit investigations, they were convinced that such a

commission was needed in the public interest, and Mr.

jamieson refused to let the matter drop. He wrote many
public letters to Controller Cote concerning the situation,

and it was not long before other public-spirited en-

gineers, such as Sir John Kennedy, Walter J. Francis,

Phelps Johnson, R. .\. Ross, .Arthur Surveyer, Richard

Durley, Ernest Marceau and many others, took up the

cudgels and secured action by the Council of the Canadian
Society of Civil Engineers and bv Montreal's Board of

Trade.

It is plain, therefore, that tlie Montreal civic au-

tiiorities have had this matter before them for more than

two vears. During: those two vears large sums have

been spent on the work—sums which a commission may
say have been spent uselessly. The Ciinadian Engineer
endorses the request to the Montreal city council that this

work be stopped until a commission has reported upon it.

The scheme may be sound, but it should be proven so,

clearly and above-board. It is more imperative now, than
ever before in the Empire's history, to prc\cut all economic
waste. Remember the silver bullet !

WATER TRANSPORTATION IN CANADA.

In the March 2nd issue of Tlie Canadian Engineer
there appeared a paper on "Economic and Strategical

Aspects of the Enlargement of the Welland Canal and of

Construction of the Georgian Bay Ship Canal."

This paper was presented before the Canadian Society
of Civil Engineers by Major R. W. Leonard, .Mem. Can.
Soc.C.E.

The following issue of the paper contained a discus-

sion of this interesting theme, in which different aspects
of the project were dealt with.

The question of transportation in Canada is receiving

particular attention at the present time, this attention, un-
doubtedly, being accentuated by the fact that the war is

expected to introduce new problems which will be inti-

mately related to transportation in more ways than one.

.A. great deai of discussion has been given to the

Georgian Bay Canal. Pamphlets approving and disap-

proN'ing of the project have been printed and circulated

by the thousands—special articles have appeared in all

kinds of publications, and it is doubtful if any single en-
gineering project has brought about so much discussion
as it has.

In view of the importance of the transportation
problem in Canada, it is to be hoped that the duties and
hours of the Georgian Bay Canal Commission will be
extended so as to include a 'thorough investigation of the

whole subject of water transportation between the Lower
St. Lawrence and Lake Superior by the St. Lawrence and
lower lake route, as well as by the Ottawa and Georgian
Bay route, and that the advantages and disadvantages of

both routes be exhaustively compared with each other and
also with lake and rail transportation via Georgian Bay,
and by all rail routes via raihyavs already built or here-

after to be built, because it is only by considering the

Ottawa and Georgian Bay route as one of two great water
routes and again by comparing these with the upper lake

and rail route and with all rail routes that the Georgian
Bay Canal project can be properly and intelligentlv

dealt with.

If the Commission were empowered to extend its

in\estlgations along these lines, it would necessarilv in-

clude some new surveys and estimates for dealing with the
St. Lawrence and its canals and water power sites between
Montreal and Prescott. .Such surveys could be quickly

made and at a cost which would be insignificant as com-
pared with their value In enabling the Commission to

arrive at conclusions whirli would be more satisfactory in

everv wav.
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p. TL'RXRR BOM-: \v;is ri-ilcclfd prcsitlinl ol llu'

Alberta Sewer Pipe Company, of C.ilgarv, at the annual

meet' ig-.

P. G. MA1U)M;\', iM.L.A., has been app<)inle<l lo

succeed the Hon. John Morrissy as Minister ol Public

Works for the Province of New Brunswick.

L. (;. IRIEL.Wl), genera! manager of HranUonI

Hydro-Klectric Commission and Brantford Municipal Rail-

ways Commission, has handed in his resignation, to take

effect at the end of May. He has been appointed chief

engineer of new Hydro development in Eastern Ontario.

GEORGE McKNIGHT has been appointed city en-

gineer of Fredericton, X.B. Mr. McKnighi was formerly

with the Transcontinc.nt.il Railway on construction, and

latterly with the St. John and Quebec Railway.

Capt. E. T. STERNE, of the Engineers, Kingston,

has been loaned by the Militia Department to the Imperial

Miuiitions Board to act as inspecting chemist of Tri Nitro

Toluol at the Montreal plant Canadian Explosives,

Limited.

L. G. McNEICE, B.-Sc, who for three years was in

London in the interests of Engineers Chipman and Power,

has been appointed general manager of the public utilities

at Wallaceburg. Mr. McXeice recently installwl the new

waterworks and sewage farms at Wallaceburg. In his

new position he will have full charge of these and also of

the electric department.

THOS. L. HINCKLEY, B.S., has been appointed

engineer to the Bureau of Municipal Research, Toronto.

Mr. Hinckley is a graduate of the Massachusetts Institute

of Technology, from which he graduated in igoh. Since

'hen he has been engaged in sanitary engineering, having

been connected with the design and construction of water

supply and sewage disposal works at Columbus, Ohio,

Montreal, Que., and other places. For the past four

years Mr. Hinckley has been especially interested in

municipal research work in various cities.

LIST OF OFFICERS OF No. 1 CONSTRUCTION
BATTALION.

.-^mong the oflicers of No. i Construction Battalion,

stationed in Toronto, are the following, who have been

appointed under Lieut. -Col. B. Ripley:

—

Captain and .Adjutant T. R. Loudon, civil engineer,

who is well known in Toronto, having been assistant pro-

fessor of ferro-metallurgy at Toronto University and of

late a member of the firm James, Loudon &• Hertzberg,

consulting engineers. He has for some time been in-

structing at the militia hea'dquarters at Toronto.

Captain J. H. Byrne, civil engineer, graduate of the

Royal Military College. He has been connected with the

National Transcontinental R;lihva^ as district and govern-

ment inspecting engineer and has had long and varied ex-

perience on construction, chiefly of railways.

Captain R. R. Holland, civil engineer. He has been
actively connected with. the construction of railways and
other important engineering works for the past fifteen

years, having filled positions- as resident engineer, as-

sistant engineer and division engineer on both the C.N.R.
and National Transcontinental Railways.

Captain .\. R. Ketterson, civil engineer, at present

assistant bridge engineer of the Canadian Pacific Railway
at Montreal. He has also represented the bridge engineer

on Western lines C.l'.K., and has liad lung and varied ex-

perience in engineering and construction both in Canada
and -Scotland.

Captain Quartermasler \'i< tor G. Davis, formerly of

the punhasing departments of both the Canadian P.uitic

and Canadian Northern Railways. Has also (lualilied as

a lieutenant.

Lieutenant G. O. Fleming, civil engineer, graduate

S.P.S., Toronto; experience being chiefly on construction

connected with the Toronto Railway Company and with

the engineers at militia headquarters at Toronto.

Lieutenant J. B. Heron, civil engineer, well known
in Toronto, who has had a long experience chiefly at rail-

way construction. This oflicer has had South Africa ex-

perience, having fought in the Boer War.

Lieutenant Fred. G. Cross, civil engineer, for nine

years with the Canadian Pacific Railway in Western
Canada.

Lieutenant H. R. McQueen, civil engineer, graduate

of the Royal Military College; experience in Ix>th mining

and railway work.

Lieutenant O. P. Hertzberg, civil engineer, for some
years connected with the engineering department of the

C.P.R. F'or two years he was with Lieut. -Col. Ripley on

grade separation in Toronto. This young man was in

several engagements in the present war and is now re-

cuperating at home.

Lieutenant H. L. Gilmour, ci\il engineer, well known
in Ottawa ; graduate of McGill LTniversity ; has been

prominently connected with the lumber industry in the

Ottawa valley.

Lieutenant Geo. S. Cirant, contractor and construc-

tion man, well known in Ottawa, and a son of the late

Mr. Hugh Grant, well-known contractor, having been

connected prominently with the building of the Inter-

colonial Railway in Cape Breton.

CANADIAN SOCIETY OF CIVIL ENGINEERS-
ELECTIONS AND TRANSFERS.

.At a meeting of the Council of the Canadian Society

of Civil Engineers held April iSth the following elections

took place :

—

Member—Thomas Taylor, Toronto.

.Vssociate Members—Louis Napoleon Boulet, Mont-
magny. Que. ; .Andrew Galloway, Victoria, B.C. ; .Albert

Walker Haddow, Edmonton, .Alta. ; J. M. Maurice
LaForest, Montreal ; Charles Ross Lindsev, Shawinigan
Falls, Que. ; Edlin Geo. ^^'m. Montgomery, Regina,

Sask. ; Kenneth Stockton Pickard, Sackville, N.B.

Juniors—Horace Malcolm Bigwood, Victoria, B.C. ;

George Fleming Irving, Winnipeg, Man.

The Council also announce the following transfers :

—

From .Associate Member to Member—.Allan Beacon
.Aitken, Quetta, Baluchistan; G. Gordon Gale, Hull, Que.

;

Chauncey Marsh Goodrich, Detroit, Mich. ; John Bell

McRae, Ottawa.
From Junior to .Associate Member—Halfden F. H.

Hertzberg, Toronto ; Norman Marr, Campbellford, Ont. ;

fvobert Bruce Stewart, New Glasgow, N.S. ; Jas. I.eRoy

^^'hitside, Winnipeg, Man.
From -Student to .Associate Member—Leonard Joseph

Bisson, Fort William, Ont. ; Donat Paquet, Montmagny,
Quebec.

From -Student to Junior—William L.ivton Frame,
Vancouver, B.C. ; .Alfred John Lawrence, Montreal
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ACTIVATED SLUDGE EXPERIMENTS AT MILWAUKEE.
SOME FURTHER INTERESTIXG FACTS CONCERNING THE PROCESS BROUGHT
OUT BV THE EXPERIMENTAL WORK CARRIED OUT XT MILWAUKEE.

By R. O. WYNNEROBERTS, M.Can.Soc.C.E.

IN
;i pre\ious article, on this subject in the issue of .-Vpril

27th attention was paid to the general results obtained

at Milwaukee. There were, however, many additional

interesting investigations made into different features

of the process. These included the efficient diffusion of

air, period of aeration,' and volume of air required, effects

of temperature, production and dehydration of sludge, in-

oculation of sewage with activated sludge, and so on,

all of which are valuable studies and tend to render the

process more efficient and economical. Most of these are

confirmatory or enlargements of experiments made by

Messrs. Ardern and Lockett in 191 4.

Diffusion of the- air in the sewage has been experi-

mented upon by means of filtros plates, monel metal, and

air jets. Filtros plates are made of quartz sand cemented
together and baked, and are supposed to be made of any

porosity desired. But, out of 530 plates, each i ft. square,

only 60 per cent, complied with the specification that 2 cu.

ft. of air per minute be passed through each dry plate i }i

ins. in thickness, under a pressure of 2 ins. of water,' with

a marginal allowance of 5 per cent, either way. When
the plates are wet the pressure increases 10 to 12 times.

For example, with 8 ft. of liquor the filtros plates required

4.6 lbs., that is, 1.12 lbs or 31 ins. in excess of the static

head, or 15 times the pressure required when the plates

are dry. Mr. Chalkley Hatton states that the bubbles were

too large to produce the greatest efficiency. He expresses

I he opinion that the excess pressure might be reduced by

making the plates thinner and reinforcing them like wired

glass. He found that when the air bubbles were 1/16 in.

or less in diameter they were in contact with the liquor in

a lo-ft. deep tank from one to four minutes, but when the

diameter of the bubbles exceeded the above dimension the

contact was only but a few seconds. The economy in the

use of air is to be attained by prolonging the contact until

the oxygen has been absorbed, but the problem is to secure

such prolonged contact. "Several mechanical devices

have been designed and operated to break the air globes

into smaller globes, but so far they hn\e not been
satisfactory."

Mr. Copeland states that filtros plates are very ir-

regular in porosity. Some would pass 10 ft. and others

less than 0.5 ft. of air, whereas 2 cu. ft. was stipulated.

Dense plates gradually choke with sludge, and a mixture
of dense and porous plates in a tank results in unequal
aeration. "Bacterial growth on plates might require

sterilization for their removal."

Fine-woven monel metal cloth has been tried and
smaller bubbles issue from the surface of the cloth than
from the filtrns plates, although the former is more porous

than the latter. There is also less frictional loss than
through plates.

Open air jets reduce the pressure required but
also reduce the eHiciency because the bubbles are too
large. An orifice i/iooo of an inch in diameter under 5
lbs. pressure discharges air bubbles 1/32 inch in diameter.
Dust, however, will lend to choke such a small orifice.

Sludge enters into open jets and cakes within. This was
the difficulty experienced at Salford, England, where open
jets are largely used. Mr. Copeland suggests flushing

such pipe with water under pressure.

Comparison Between Filtros, Air Jet and Monel Metal
Diffusers.

stability
Cub. ft. % Nitrate of

Period. Pressure air per Bacteria formed, effluent.
Diffusers. 1915. lbs. gallon, removed, p. p.m. hours.

Filtros June i 4.3 2.5 91 3.4 78
'\'i' jf-'t Vug. 12 3.5 2.3 91 2.2 -,2

Filtros ..... Nov. iS 4.6 2.1 90 0.3 113
Monel INfetal Dec. 7 3.0 2.1 80 0.2 63

Mr. Copeland states that "open air jets have given
good service—almost as good, in fact, as the filtros plate,

but they have one bad feature," namely, the sludging up
of the orifice. This would indicate that a device similar to

one used by the writer might obviate the trouble; that is,

to hinge the pipes, and before the air is shut off, swing the

pipes out of the tank. Where there are a number of such
pipes it requires some ingenuity to arrange the air pipes

to avoid complications.

Mr. Copeland mentions a pertinent statement with re-

gard to increasing the depth of tanks so as to prolong the

air contact. This matter has also been referred to by
Messrs. Ardern and Lockett. The quantity of air per
square foot of tank area or per acre will, in a given time,

purify more sewage or purify a given quantity to a greater

extent in deep tanks than in shallow ones. But deep
tanks will require greater pressure and the supply of air

will cost more. Whether the advantage will remain with
the deep water tanks is not yet proven.

"Our supplementary experiments," according to

Messrs. Chalkley Hatton and Copeland, "indicate that

more efficiency of air can be obtained in deeper tanks (than

8 to 10 ft.) by reason of the longer contact period between
air and sewage, and the tendency of the air, as it escapes
from the diffuser, to break into smaller bubbles, because
the pressure head is increased. Local conditions might,
and pr'^bably would, largely control the depth of tank."

The period of aeration and volume of air required
under different conditions are matters of importance. .'Vs

all sanitary engineers know, the flow and strength of
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st'wayi' clianscs Ihroiiijhoiil llu- tla\ . The following

diagram, taken from the report, will illustrate the average

hoiirlv nuotiialions of sewage flow at one of the outlets

at Milwaukee, as well as varying proportions of suspended

matter and bacteria.

According to the diagram, the How of sewage was
lowest at ahout 5.0 a.m., when it was 80 per cent, of the

daily mean, and Ijie greatest How was at i.o p.m., when
it was 118 per cent, of the daily mean. The flow from

midnight to ,S.o a.m. was 30 per cent, of the mean, so
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through the plant will increase. If the rate of aeration is

kept constant the increasing sewage flow will meet a de-

creasing proportion of air. Such procedure might over-

load the activated sludge with organic matter. In our

new plant arrangements have been made to store such

sludge in tanks with continuous aeration during the period

of weak night flow for the purpose of oxidizing the un-

digested materials. This purified sludge will then be in

extra good condition to attack the strong sewage of

mid-day.

Mr. Copeland compares the results obtained on Sun-

days and Mondays and the table below gives the average

of four such comparisons.

Relative Purification of Weak and Strong Sewage by

Activated Sludge (Fill and Draw.)

Analvsis of Treated Sewage.
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in one liour as il did in li\ i' ; by llircc hours ii hud removed

over 9J per cent, of the bacteria from the supcrnalaiil

liciuor and made it stable for a period of more than 5 days.

Till' sludge was in good condition when this test was

made, and the air was applied in such a large volume that

by the end of the 5-hour run 3.2 cu. ft. Iiad been added

per gallon of sewage treated.

One of the interesting things to note about this table

is that so far as clarification was concerned, we got as

good etliciency for $1.40 as we did for $8.10; and as good

stability for $4.25 as for $8.10. While the bacterial re-

moval obtained for $4.25 was quite sufficient for any

ordinary sewage disposal plant.

.\s purification of sewage by aeration bears a close

relation to the volume of air applied, it is instructive to

study the following table :

—

Relation Between Volume of Air Applied and Purification

Obtained bv the Continuous Flow Process.
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moisture tlie Aveighl will then bo about one-half ton per

n-iillion U.S. gallons. Dehydration by pressing, centrifug-

ing, heating, gravity, etc., have been either tried or con-

sidered. Early in our activated sludge process we realized

that there was sufficient value in the sludge in the lorm of

unsaponifiable grease and ammonia nitrogen to warrant

its .being dehydrated, degreased and dried for fertilizer

base. Several sampKs were sent to fertilizer producers in

Chicago who reduced them and reported their worth to be

from $10 to S20 per dry ton, with plenty of market for

all we could produce.

The sludge produced by the process has the general

appearance of finely divided sponge, brown in color, and

seems to absorb the colloidal matter very rapidly. Highly

colored liquor introduced into activated sludge will be de-

colored in a few minutes.

It drains out upon the ordinary sludge-drying beds in

less than one-half the time of the I-mhoff tank sludge, but

this dewatering is accomplished differently; the first liquor

removed from the sludge passes downward through the

bed, upon the surface of which the sludge settles, where-

upon the remaining liquor rises on the top of the sludge

and must be drawn off. The sludge has no apparent odor.

Its moisture content can be reduced from 98 per cent,

to 94 per cent, by pressure due to a 26-foot head of w'ater

and its \olume decreased 40 per cent.

An interesting featf-e of the process is the inoculation

of the sewage by activated sludge. Mr. Copeland states

that "in order to purify sewage to best advantage, acti-

\ated sludge must be fed to the raw sewage as it enters

the tank," and to do this he considers that the sludge

should be concentrated by hydrostatic pressure. It is

known that sludge from a two-story tank contains less

water as the depth at which it is digested increases. Four
hours' storage in a 3-in. pipe 26 ft. high at Milwaukee
resulted in the moisture being reduced from 98 to 94 per

100— 98
cent., so that 100 units were reduced to 100 x 100— 94
= ^^ - 3j-33- The sludge was raised by an air-lift

b
pump. Xo information is given as to the proportion re-

turned to the sewage inlet. The report, however, states

that "there is no necessity of returning, more than enough
sludge to keep the tank charged with its proper propor-

tion, but in order to secure the proper proportion it was
necessary with the apparatus at hand, to return a large

excess of treated liquor with the sludge." To return

more than this volume forces liquor through the tank at

an unnecessarily high rate, with the result that the sewage
will get insufficient treatment. On the other hand, if the

sludge is not pumped out of the settling basins fast enough
it will fill them up and run out of the overflow. In order

to avoid these dffficulties the discharge from the sludge lift

should be run into sludge treatment tanks. Most of the

sludge will flow- as freely as water, and on the same slope,

but the heavier masses of sludge consisting of waste,

paper, etc., do not flow readily and therefore the sides of

the pipes or troughs must be smooth.

The term "proper proportion" may perhaps be inter-

preted as the percentage of the tank capacity' occupied by
sludge, say, 25 per cent, settleable in 30 minutes. Atten-

tion has already been drawn to the plan of storing and
aerating sludge during the hours of weak night flow, so

that it will be in good condition to attack the strong

sewage of mid-day.

Despite the fact that there is yet much to learn—and

what process is there which has reached its perfect stage

of finality?—the activated sludge system of sewage treat-

ment has been established as one which will produce better

results than any other known method, excepting possibly

land irrigation under exceptional conditions.

Municipal engineers owe much to Messrs. Chalkley

Hatton and Copeland for conducting experiments on a

large scale to prove the practicability of the process

evolved by Messrs. Ardern and Lockclt under different

conditions.

The writer acknowledges his indebtedness to the

above gentlemen and to Mr. John H. Fowler for informa-

tion bearing upon the important subject under review\

LETTER TO THE EDITOR.

Revision of the Patent Act.

Sir,—Your issue of May nth contains a letter with

suggestions as to the amendment of the Patent .\ct and

improvements in patent practice, made by Mr. W . S.

Babcock, of Montreal. With some, at least, of these

suggestions we are heartily in accord. The patent and the

trade mark branches of the Patent Office will never get

sufficient attention as long as they are merely adjuncts of

the Department of Agriculture, the head of which is

usuallv someone whose interests and experience are

largely agricultural.

The suggestion that patentees be given the option of

having their patents subjected to compulsory manufacture

or compulsory license, is a good one. The manufacturing

section of the act in the past has been more of a nuisance

to patentees than of benefit to manufacturers. It may
also be advisable to have interferences decided by an

official of the patent office, as the proper weighing of the

various poihts which require to be considered in an inter-

ference case necessitates special experience, not only in

the consideration of evidence, but in the consideration of

the various points of the invention in issue. The average

arbitrator appointed by the government often falls woe-

fully short in the latter feature. We have not noticed,

however, that the interference proceedings in the United

States office are very much cheaper than the decision of a

Canadian interference by arbitration.

As to. the substitution of a continuous term of eighteen

years, with a somewhat increased first payment, in place

of the present renewal system, there may be differences of

opinion. It is often of considerable advantage to get rid

of the patents which are allowed to expire at the end of

the first six years of their life. It greatly reduces the

number of patents that have to be kept in mind when de-

termining- the question of infringement. It is quite pos-

sible that the provision of extensions of time for payment

of renewal fees on the payment of certain fines would meet

the requirements.

Our suggestion would be that the government ap-

point a commission including representatives of the patent

office, patent attorneys, lawyers, inventors, and manu-

facturers, to consider the w-hole situation and to make
recommendations for revision of the Act, improvement in

the organization of the patent office, and impro\ ements

in patent procedure.

RIDOUT & MAYBEE,
Solicitors of Patents, Toronto.

Per J. Edward Maybee.

Toronto, May 15th, 1916.
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Rl'I.F.S FOR CONDUCTING I'lWIOKMANCF
THSTS or POWIiR PLANT APPARATUS.

I\

ic)oii a Powi'r-ti>st LVunniittee was appointed by the

American Society of Mechanical Engineers to "re-

vise the present testing codes of the Society relating

to boilers, pumping engines, locomotives, steam

engines in general, internal combustion engines, and

apparatus and fuels therefor, and to extend these codes

so as to apply to such power generating apparatus as the

present codes do not cover, including water-power,

bringing them into harmony with each other and with

the best practice of the day." This committee has just

recently turned in its report, and among other things

suggest the following rules for conducting tests ol

waterwhecis, steam turbines :md lurbo-generators.

These being of considerable interest to our readers, we
are pleased lo reprint them.

Rules for Conducting Tests of Waterwheels.

Introduction.—Waterwheel tests may be divided

into two classes, one of which may be termed "shop"
tests and the other "field" tests. The former refer to

those which are conducted in a plant devoted exclusively

to testing work, and the latter to tests of the wheel in

its permanent location. The Holyoke Water Power Com-
pany's testing flume is an example of a shop-testing

plant, being one which is equipped for turbine water-

wheels of any size up to 300 h.p. at i8-ft. head. This
plant, it is understood, is also at present the only one
of the kind in the country which is available for com-
mercial work. Under these circumstances there seems
to be no call at the present time (191 5) for a general

code of rules applying to tests of that character. The
tests to which the following code refers are, therefore,

limited to field tests, the wheel being in place, and
operating, so far as possible, under the conditions of

service for which it was installed.

Object and Preparations.—The usual object of a

waterwheel test in the field is the determination of the

capacity and efficiency of the wheel at various gate
openings, and, if practicable, at vaious speeds, as com-
pared with standard or guaranteed performance. Having
determined the object, whatever it may be, take the

dimensions, note the physical condition of the wheel and
of the plant throughout, install the testing appliances,
etc., following the general instructions given in ^ i to

20, so far as they pertain to the work in h.ind, and make
preparations for the test accordingly.

The most important preparations are those whicli

relate to the determination of the power developed by
the wheel, and the quantity of water which it consumes.
The nature of these preparations is governed altogether
by the character of the equipment. ./Xs regards power
determination, the simplest methotl is the one applying
to a case where the wheel drives an electric generator
and the power is measured by calculation from the elec-
trical output. Another simple method is one which may
be used where the wheel serves as an auxiliary to steam
power, and the load is reasonably constant, in which
case the output is determined by ascertaining the differ-

ence between the indicated horse-power developed by the
engine when the wheel is on and that developed when
the wheel is off. Another method which is applicable to
almost any situation where there is room, although the
most difficult of the three, is the use of a friction brake
attached to the waterwheel shaft, being arranged so as

10 take the place of a section of ilu' shaft which may
temporarily be removed. .As t(j preparation for water
measurement, the desirability of pieserving the maxi-
mum head of water usually makes it necessary to gauge
the stream supplied to the wheel or the stream leaving

it, and lo select or prepare for this purpose a suflicient

length of canal having a uniform cross-section to deter-

mine the required velocity by float measurement. .An-

other method consists in the use of current meters or

pitomclers which have been properly calibrated. In cases

where some part of the head may be sacrificed cither in

the head race or tail race, the measurement may be made
by the insertion of a suitable weir.

Apparatus and Instruments.— The apparatus and
instruments required for a capacity and efTiciency test

of a waterwheel are:

—

(«) A friction brake, steam engine indicators, or

electrical instruments, depending on the character
of the equipment.

ib) Graduated scales showing the heights of water in

the flume above the wheel and in the discharge
pit beneath.

(f) One or more current meters or other apparatus for

ascertaining the velocity of the water ; or a weir.

Directions for the use of these appliances may be

found in IT 9 and in Appendices Nos. 18, 19, 21, and 5.

It is of the greatest importance that the water

measured is that which is consumed wholly by the wheel.

If water leaks by without going through the wheel, the

quantity of leakage should be determined by independent

measurement when the wheel is entirely shut off, in which

case the gross quantity is corrected accordingly.

Duration.—The duration of a simple efficiency test

of a waterwheel depends mainly upon the method of

water measurement employed, and the time required to

obtain a sufficient number of observations to insure a

reliable average. After the desired load and other con-

ditions have been obtained, continuous observations and

measurements for a period of 15 minutes is sufficient

for all practical purposes, provided the water is measured
by a weir, but a longer time is necessary when other

methods of measurement are used.

Records.—The records should be obtained in a

manner conforming to the principles explained in 1^ 15

to 18. Readings of the weight on the brake-arm, levels

of water in the flume and discharge-pit, indications of

the current meters, and revolutions per minute, should be

taken every five minutes, and at more frequent intervals if

they show much fluctuation. In case of float measure-
ment, repeated observations should be made one after

the other throughout the whole period of the trial.

Calculation of Results.—The total average head of

water on the wheel is obtained by adding together the

reading of the scale in the flume and the vertical distance

between the zero of this scale and that of the scale in

the discharge-pit, and subtracting the reading of the

latter scale, both readings being taken in reasonably
still water. The velocity of water in the measuring canal

is found I)y averaging the readings obtained at several

points extending over the whole width of the canal. The
cubic feet of water flowing per second is obtained by
nuiltiplving the cross-section of the stream in square feet

by the \elocity of the water in feet per secotid, deter-

mined as stated above. The total power of water avail-

able is obtained by multiplying the net weight of water
in pounds discharged per second by the total average
head in feet on the wheel, and dividing the product by

550. The brake horse-power developed by the wheel is
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found by multiplying the net weight on the brake-arm

in pounds by the circumference of the corresponding

circle in feet and by the numljer of revolutions per

minute, and dividing the final product by 33,000.

In the case of a wheel supplied through a penstock the

head is found by adding- together the pressure at the intake

to the wheel case, the velocity head at this point, and the

elevation of the point above the surface of the tail water, all

expressed in feet.

In an impulse wheel, the head is the sum of the pressure

at the nozzle, in feet and the velocity head at that point in feet.

Data and Results.—The data and results should be

reported in accordance with the form given herewith

(Table 21), adding lines for data not provided for. or

omitting those not required, as may conform with the

object in view :

—

Table 21.—Data and Results of Waterwheel Test

.Adapted to Brake Measurement of Power.

Code of 1915.

( 1 ) Test of water wheel located at

To determine
Test conducted by

( 2 ) Type of wheel and class of service
( ?) Type of generator, if any, kind of current, etc

(4) Rated power of wheel h.p.

15) Cross-section of stream where velocity of water is

measured sq. ft.

General Data.

(6) Date
(7) Duration of period covered by test hr.

(5) .Averag-e net weight on brake arm lb.

(g) Average revolutions per minute r.p.m.
• 10) Total average head of water on wheel ft.

(It) Average velocity of water per second in measuring
canal ft.

(12) Volume of water flowing per second cu. ft.

(n) Weight of water flowing per second (Item 12 x

62.35) lb.

(14) Leakage per second lb.

(15) Net water discharged by wheel per second (Item
13 — Item 14) lb.

Power.

16) Total power of water available h.p.

17) Brake horsepower developed by wheel br. h.p.

Efficiency.

(iS) Efficiency of wheel. (Item 17 •;- Item 16) x 100.. per cent.

Rules for Conducting Tests of Steam Turbines and

Turbo=Generators. ,

Introduction.—The code for steam turbinr sts

applies to tests for determining the perforinanc the

turbine alone, apart from that of steam-driven a aries

which are necessary to its operation. For tests turbine

and auxiliaries combined, and tests of turb *s from
which steam is withdrawn for heating fef water or

other purposes, refer to the Code for Comp. ,te Steam
Power Plants, Part IX. For methods of conducting tests

of generators, motors, etc., and for general information

bearing on the subject, reference may be made to the

Standardization Rules of the .'V.I.E.E.

Object and Preparations.—Determine the object of

the test, take the dimensions and note the physical con-

ditions not only of the turbine, but of the entire plant

concerned, examine, for leakages, install the testing ap-

pliances, etc., as pointed out in the general instructions

given in * 1^
I to 33 and prepare for the best accordingly

(as given in the pamphlet rt'port covering this sub-

ject).

Apparatus and Instruments.—The apparatus and in-

struments required for a performance test of a steam

turbine or turbo-generator are:

—

[a] Tanks and platform scales for weighing water, (or

water meters calibrated in place).

(J) Graduated scales attached to the water g-lasses of

the boilers.

ic) Pressure gages, vacuum gages, and thermometers.
(d) Steam calorimeter.

(e) Barometer.
(./) Tachometer, revolution-counter, or other speed-

measuring apparatus.

ig) Friction brake or dynamometer.
(/i) Volt meters, ammeters, wattmeters, and watt-hour

meters for the electrical measurements in the case

of a turbo-generator.

^Directions regarding the use arid calibration of these

particular appliances are given in IT 7 to 9, and in

^ 24 to 33.

The determination of the heat and steam consump-

tion of a turbine or turbo-generator should conform to

the same methods as those described in the Steam Engine

Code, Part V.

If the steam consimiption is determined from the

water discharged by the wet vacuum or hot-well pump,

correction should be made for water drawn in through

the packing glands of the tin-bine shaft, for condenser

leakage, and for any other foreign supply of water.

Operating Conditions.

Duration.

Starting and Stopping.

Records.

Calculation of Results.

The rules pertaining to the subjects, Operating Con-

ditions, Duration, Starting and Stopping, Records, and

Calculation of Results, are identically the same as those

given under the respective headings in the Steam Engine

Code, ^ 71 to 77, with the single exception of the matter

relating to indicator diagrams and results computed

therefrom ; and reference may be made to that code for

the directions required in these particulars.

Data and Results.—The data and results should be

reported in accordance with the form (Table 11) given

herewith, adding lines for data not provided for, or

omitting those not required, as may conform to the

object in view. If a shorter form of report is desired,

the items in fine print designated by letters of the

alphabet, may be omitted ; or if only the principal data

and results are desired, the subjoined abbreviated table

(Table 12) may be used. Unless otherwise indicated,

the items should be the averages of the data.

Table 11. Data and Results of Steam Turbine or

Turbo=Generator Test.

[i) Test of

To determine
Test conducted by

Code of 1915.

. . . . turbine located at.

DiJiEN'sio.NS, Etc.

(2) Type of turbine (impulse, reaction, or combination)

M
ib)

ic)

(d)

(e)

if)

Number of stages
Condensing or non-condensing.
Diameter of rotors

Number and type of nozzles

Area of nozzles

Type of governor

(3) Class of service (electric, pumping, compressor, etc.
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14) Auxiliaries (steam or electric driven).

(")

I/O

O K

Type niid make of condensing ctiuiptnenr.

Rated capacity of condensing equipment
Type of oil pumps (direct or independently

driven )

Type of exciter (direct or independently driven)

.

Type of ventilating fan, if separately driven...

itcd capacity of turbine

(.7) Name of builders

..)

<) Capacity of generator or other apparatus consum-
ing power of turbine

Date .\nd Duration.

17)

(8)

Date . . .

.

Duration .hr.

(9)

(10)

(n)

(12)

Hi)

.Average Pressures and Temper.atvres.

Prcssiure in steam pipe near throttle by
gage lb. per sq. in.

Barometric pressure in. of mercurj'

{a) Pressure at boiler by gage lb. per sq. i/i.

(b) Pressure in steam chest by gage. . . .lb. per sq. in.

(c) Pressure in various stages lb. per sq. in.

Pressure in exhaust pipe near turbine, by
gage lb. per sq. in.

Vacuum in condenser in. of mercury

{<i) Corresponding absolute pressure, .lb. per sq. in.

{b) .\bsolute pressure in exhaust cham-
ber of turbine lb. per sq. in.

Temperature of steam near throttle deg.

(rf) Temperature of saturated steam at throttle

pressure deg.
ib) Temperature of steam in various stages, if

superheated deg.

( 14) Temperature of steam in exhaust pipe near turbine, .deg.

ill) Temperature of circulating water entering
condenser deg.

[b) Temperature of circulating water leaving
condenser deg.

(<:) Temperature of air in turbine room deg.

Quality of Steam.

(15) Percentage of moisture in steam near
throttle, or number of degrees of
superheating per cent, or deg.

Total Quantities.

(16) Total water fed to boilers : lb.

(17) Total condensate from surface condenser (correct-

ed for condenser leakage and leakage of shaft and
pump glands ) lb.

(18) Total dry steam consumed (Item 16 or 17 less

moisture in steam) lb.

Hourly Quantities.

(ig) Total water fed to boilers or drawn from surface
condenser per hour lb.

(20) Total dry steam consumed for all purposes per hour
(Item :8 -^ Item 8) lb.

(21) Steam consumed per hour for all purposes foreign
to the turbine (including drips and leakage of
plant) lb.

(22) Dry steam consumed by turbine per hour (Item
20 — Item 21) lb.

{a) Circulating water supplied to condenser per
hour lb.

Hourly Heat Data.

(23) Heat units consumed by turbine per hour [Item
22 X (total heat of steam per pound at pressure
of Item Q less heat in i lb. of water at tempera-
ture of Item. 14)] B.t.u.

ia) Heat converted into work per hour B.t.u.
(J) Heat rejected to condenser per hour (Item

22rt X [Item 14J—Item ua]) (approxi-
mate) B.t.u.

124)

(25)

(26)

(27)

(28)

(2g)

(30)

(3")

(32)

(33)

(34)

135)

(36)

(37)

(38)

(39)

(40)

(f) Heat reji'ded in the form of steam with-
drawn from the turbine B.t.u.

id) Heat lost by radiation from turbine, and
unaccounted for B.t.u.

Electrical Data.

.Average volts, each phase volts

.Average amperes, each phase amperes
Average kilowatts, first meter kw.
Average kilowatts, second meter ' kw.
Total kilowatts output kw.
Power factor

Kilowatts used for excitation, and for separately

driven ventilating fan kw.
Net kilowatt output kw.

Speed.

Revolutions per minute r.p.m.

Variation of speed between no load and full

load r.p.m.

Momentary fluctuation of speed on suddenly
changing from full load to half-load r.p.m.

Power.

Brake horsepower, if determined.
Electrical horsepower

. br. h.p.

, . .e.h.p.

Economy Results.

Dry steam consumed by turbine per br. h.p.-hr lb.

Dry steam consumed per net kw-hr lb.

Heat units consumed Ijy turbine per br. h.p.-hr.

(Item 23 -^ Item 35) B.t.u.

Heat units consumed per net kw-hr B.t.u.

Efficiency Results.

(41) Thermal efficiency of turbine (2546.5 * Item
39) X 100 per cent.

(42) Efficiency of Rankine cycle between tempera-
tures of Items 13 and 14 per cen-t.

(43) Rankine cycle ratio (Item 41 -^ Item 42)

Work Done per Heat Unit.

(44) Net work per B.t.u. consumed by turbine (i.qSo,-
000 -^ Item 3q) Ft.-lb.

Table 12.—Principal Data and Results of Turbine Test.

(I)

(2)

(3)

U)

(5)

(6)

(7)

(8)

(9)

do)
(II)

(12)

(13)

(14)

Dimensions
Date
Duration .hr.

Pressure in steam pipe near throttle by
gage lb. per sq. in.

Vacuum in condenser in. of mercurj"
Percentage of moisture in steam near

throttle or number of degrees of super-
heating per cent, or deg.

Net steam consumed per hour '. lb.

Revolutions per minute .r.p.m.

Brake horsepower developed br.h.p.

Kw. output kw.
Steam consumed per brake h.p.-hr lb.

Heat consumed per brake h.p.-hr B.t.u.

Steam consumed per kw-hr lb.

Heat consumed per kw-hr B.t.u.

The Mac.Arthur Concrete Pile and Foundation Co.. of

New York, have announced the removal of their office to the
Equitable Building, 120 Broadway. New York.

Fred. L. Macpherson, municipal engineer, of Burnaby.
B.C., laid 1,500 sq. yds. of waterbound macadam, scarified

and oiled 15,000 sq. yds., and oiled 150.000 sq. yds. of mac-
adam during the year 191 5. Total pavements laid to date are

78,000 sq. yds. of asphaltic concrete and 175,000 sq. yds. of

waterbound macadam. During 1016 it is planned to lay 6,000
sq. yds. of waterbound macadam and to do about the same
amount of scarifying and oiling as was done last year.
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WIDTH AND ALLOCATION OF SPACE IN ROADS.

»

By F. Longstreth Thompson, 15. Sc, Assoc.M. Inst. C.E.

IX
approaching the subject of "the width and allocation

of space in roads" one is at once struck by the im-

practicability of attempting too much in the way of

standardization. There is such a large diversity, for

instance, in what may be termed the "quality" of traffic,

that two roads carrying the same number of vehicles may
require quite different widths. As an illustration of what
1 mean, take the heavy and slow moving traffic in a road

serving the docks, and compare it with an equal volume
of fast moving motor trafTic on an ordinary road ; the latter

will onlv require aljout a Iliird of the width necessary for

tlie former.

Collection of Statistics.—h \\ ill be appreciated, there-

ft)re, at the outset that a careful classification of roads is

needed, having as the chief consideration the prevailing

type of traffic, and secondly, the volume of such traffic.

.\ great deal of preliminary investigation is required in

order to obtain accurate statistics for both the classifica-

tion and subsequent design.

A certain amount of work of this kind. has been done

in more or less isolated cases up and down the countr)',

and the inxestigations of the London Traffic Branch of

the Board of Trade made for some of the principal London
streets afford a valuable example of the method in which

these inquiries should be conducted.

Observations were made on weekdays in both sum-
mer and winter, which showed that while there was con-

siderably more passenger traffic in summer, the com-
mercial traffic remained fairly steady throughout the year.

The fluctuations in volume during the day were, of

course, very marked in and near the city, where the full

stream of the morning influx and the evening exodus was
felt, and the maximum volume was found to be on the

\\'hole about twice the average. Provision should be made
in consequence for the maximum traffic.

The distinguishing between through and local traffic

was found to be difficult of accomplishment, but this in-

formation is of the greatest importance, and some means
of obtaining it must be found.

The mere number of vehicles passing does not afford

sufficient data, and a scale of values was adopted, based

on the amount of obstruction caused by the various types

of vehicles, having regard to their size, speed and
flexibility.

It is essential to assign values to the various classes

oi vehicle, for it is obvious that a heavy and slow moving
goods lorry is a far greater obstruction, owing to its

slowness and lack of flexibility, than, for instance, a taxi-

cab, and the measure of the capacity of a street is there-

fore not its capacity of providing for such and such a

number of vehicles, but for so many units of obstruction.

I have tried so far—very imperfectly, I know—to give

a brief outline of the kind of data that it is desirable to

collect for the purpose of determining the volume of traffic

which has to be dealt with, and before I pass on to the use

of this data in designing the road I would like to put in

a plea for a systematic traffic census to be taken through-

out the country twice a year—summer and winter. In this

way we should accumulate statistics which would prove
of inestimable value to town planners at a relatively in-

significant cost.

*From a paper re.id at a mectiriK- of the Town Planning-
Institute, held on March loth, 1916.

Determination of Width.—While the great complexity

of modern traffic—the mixture of fast and slow, cumbrous
and flexible, local and through—makes it almost impos-

sible to determine mathematically the utmost carrying

capacity of a road, or conversely to calculate the necessary

width for a given volume, it is possible from a considera-

tion of—(i) The nature of the district, (2) the class of

traffic, (3) the general importance of the traffic, (4) the

observed volume of the traffic, to determine from general

principles the number of lines of traffic to provide for, and
hence the width of road to allow.

Provision must, of course, be made for the future,

and it is here th.it the lack of reliable records handicaps

us a good deal.

In our eagerness to avoid the costlv mistake of under-

estimating future needs, we must guard against providing

excessive width where it will never be required.

In this connection there Is one very important safe-

guard in the hands of the town planner, which, however,
requires careful and discriminating use.

It is possible—and indeed it should be the basis of

design—so to plan the streets as regards position, direc-

tion, gradient, and width that the character of the street

is definitely settled. Traffic streets should always be the

widest, most direct, and best graded, and there should be
no inducement for traffic to leave them and invade the

quiet and seclusion of the residential roads.

The importance of settling the character of the street

in this way can hardlv be over-estimated.

It has the great advantage of enabling the designer

to consecrate his energies on the provision of adequate
width where it is certain to be wanted, and it furthermore

has the most beneficial effect on the property fronting the

various types of street, for where the character of the

street is settled there is no risk of it being spoilt for its

particular purpose, and its value is therefore assured.

This brings us at once to the need for classifying

roads according to their use. They naturally divide them-
selves into two principal -classes—traffic roads and resi-

dential roads.

Traffic roads lend themselves to sub-division under

numerous headings, but it will be convenient to limit them
to main avenues, main streets, secondarv streets, local

streets, boulevards and parkwavs.

Main Avenues.—The function of the main avenue is

to lorm the chief artery by means of which traffic from one
of the trunk roads of the country enters or leaves the city.

It will be desirable to provide for either a service of

motor omniliuses, a surface tramway, or an underground
tramway, or possibly some combination of these. My own
personal feeling is that the motor omnibus will gradually

oust the tramcar from the streets, and that tramways will

develop much more on the lines of electric railways, and
be located consequently either in a shallow subway under
the road or, where space permits, in an open cutting.

L'p till now it has been usual to allow at least one

double track of tramway on the surface in proposals for

main avenues, and the Advisory Board of Engineers to the

Royal Commission on London Traffic, 1905, suggested

that, in addition to a double track of fast trams in the

centre of the road, there should be a line of stopping cars

on each side, while they also provide a subway to take

double tracks for both fast and slow electric trains. These
proposals are perhaps excessive, and I think they might
very well be limited to a double track for trains on the

surface, and a subway with a double track for electric

trains.

The number of lines of ordinary traffic which should

be proxidi-d is essentiall}' a matter wiiicb ought to be
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ilii iikil oil llu' iiHiils «)l caoli piu licLilai CMSf, hiil lor pui-

posi's of comparison 1 have assumed llial llu- strci-ts con-

'sidorod under each of the headings arc liiose of a larjjecily.

Ihcie is a i;eneral consensus of opinion that for main
avenues lined with shops or business premises four lines

vif irallic should he pro\ ided on each side of a central tram-

way. This allows for one line to be occupied by vehicles

stopping; at the curb, one by slow movint; vehicles, and
two by fast trallic.

lakiuij each line of Irallic at a width of 8 ft., we get

.1 total of 04 ft., to which must be added the tramway and
the footpaths.

The width we can afford to allot to the tramway must
depend entirely on the special circumstances of the case.

I'nder any conditions, however, I think it desirable that

the track should lie dehnitelv reserved for trams by means
of a raised curb, and the minimum width allowable should

be not less than 20 ft. Where it is possible to lay a sleeper

track in grass between an avenue of trees it will be neces-

sary to reserve a width of about 40 ft.

The customarv allowance for footpaths is one-lifth of

the total width on each side, but in the case of very wide
roads this is unnecessary, and a width of 20 ft. seems to

be a reasonable maximum.
It will be seen that we have a total width of 124 ft.

between buildings, and I think we mav regard this as a

suitable width for a main avenue in a built-up area.

In districts not yet fully developed, where it is possible

to secure a greater w.idth without undue expenditure—as,

for instance, under the pro\isions of a town planning
scheme, there will be greater opportunities of providing
for the amenities, and many variations suggest themselves.

\\'hatever allocation is adopted, however, I feel con-
^•inced that one or two guiding principles should be rigidly

adhered to.

In the first place, fast traffic should be located as far

as possible from those parts of the road devoted to foot

passengers, in order that the noise, dust, and sense of

unrest inevitably associated with fast moving vehicles

shall disturb pedestrians as little as may be.

In the second place, tramways, whether thev are

placed towards the sides of the road or in the centre of
it, should ha-\e a track entirely to themselves. This
secures not only much more efficient working of the trams,
but it also conduces in a very pronounced wav to the safetv

and comfort of the other traffic.

In the third place, the indiscriminate use of trees and
grass is to be guarded against.

If trees are to be used successfully, they must form
a definite part of the sti-eet picture, either as a foil to the

architecture, or for the purpose of affording shade, or

protection from noise and dust. Nothing can be more
unsatisfactory than trees badly placed, or planted under
conditions such as insufficient space or too smoky an
atmosphere, where they have not a chance to grow-

properly and quicklv become an eyesore.

Mu<h the same argument applies to turf; if rightly

placed, under conditions where it flourishes and is well

looked after, it is a continual source of delight, but where
these conditions do not obtain it is far better to use gravel.

Main Streets.—These ln< hide those streets which,
.though of first-rale importance, do not fall within the

category of main avenues.

It is impossible to l.iy down li.ird and fast <l(finitions

of the various classes, but perhaps the best description in

this case would be those streets which form the majn traffic

routes within the cilv itself.

They lorm a grou|) nl hartlly less iniportaru e than

main avenues, and nun h llu same considerations govern
their tlesign.

Ihe ]5rob.il)ilili<-s are, howe\(-r, that the availal)lr

space will be more reslri<'U-d, though, on the other hanii,

the traffic to be pro\ ided for may be rather less.

Provision for three lines of tr.iffic on each side of a

double tramway track will not be by any means excessive,

anti taking this as a reasonable standard, together with

two footpaths vnch i<S ft. wide, a total width of 104 ft.

is arrived at.

We are again confronted with the problem of deciding

whether to provide an electric railway under the street,

and on the whole 1 lliirik it wimld be wise to do so.

In any case, I think we shall all be agreed on the

necessity for providing adequate subways for the various

mains, which all need attention at frequent intervals, to

the great incon\enience of the general public, when, as is

usually the case, it necessitates taking up portions of the

footpath or carriageway.

An alternati\e arrangement is wliere the trams are

placed at the side of the road, but this has the gra\e dis-

advantage that persons alighting from \ehicles drawn up
at the curb ha\e to cross the track in order to reach the

footpath.

There is no little danger, I think, when one is en-

deaxoring to arrixe at some sort of a standard width for

any type of road that a nightmare of uniformity may be

the result.

This is so far removed from the ideals of a town
planner that it is more than; ever necessary to urge that

the object aimed at is not a standardization of roads, l)ul

a standardization of the principles of design.

In this conne<-tion we have a verv important problem
before us. For, whereas there is a fairlv general agree-

ment amongst traffic experts that a width of alx)ut 100 ft.

is a proper allowance for mairi streets in cities, we have
a totally different opinion expressed hy men with a large

experience of retail trade.

.All the gentlemen who kindlv let me know their \iews

as to the general requisities of a shopping street agreed

that main traffic streets offered the best opportunities for

shops. They wish, however, to limit the width—in the

interests of shopping—to from 50 to 70 ft.

.\ compromise might be accomplished by abolishing

the surface tramway and replacing it by an underground
tramway, probablv in conjunction with motor buses. .\

further economy in width is. realized by a strict relegation

of all delivery vans to a service road in the rear of the

shops, while a footpath 18 ft. in wddth would allow of fre-

quent bays for the accommodation of \ehicles wishing to

draw up and deposit passengers.

Secondary Streets.—These may be said to form the

connecting links in the system of main streets. They
probably will not deal to any extent with through traftic,

but are likelv to carrv a considerable \olume of local or

semi-local traffic.

.V few, acting as supplementary ring roads within the

cily, will rcc|uire tramwax- tracks, but as a general rule it

may be taken that these will not be necessary.

In no other class of street perhaps does the width and

allocation of space depend so tnuch on the particular needs

of the localitv, and a large number of variations are

possible.

The definition of secondarv streets is necessarily more
elastic than in the other classes, with the exception ol

boulevards or parkwavs, and widths have been proposed

\arying from ho ft. to Ho ft.
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A width ol aI)out 40 ft. will bt- sufficient lor local

streets, which provides for two fcxjtpaths each S It. wick-

and carriageway ol 24 ft.

Boulevards and Parkways.— In the design of boule-

vards the town planner has perhaps his greatest oppor-

tunity of pro\iding for the city a feature distinctive in

character, useful in purpose, and an unbounded source

of delight both to the visitor and the thousands ol people

who daily make it their promenade.

One \ery important point to be borne in mind in the

design of boulevards is that they should connect up and

form part of the park system. This consideration will

lead to a generous allocation of space to the park-like

features, which will undoubtedly result in a much greater

use of the parks themselves than is the case when they

are separated bv tracts of unln\iting bricks and mortar.

Residential Roads.— It has been urged in the earlier

part of this paper that the provision of wide roads should

be limited to the traffic routes, and that these should be

made so good that there is no inducement for traffic to

leave them and invade the privacy of residential roads.

Now, we have ample evidence that this principle has

not been followed in the past, and the result has been an

unscientific and ugly uniformity, together with an over-

crowding of houses upon the land.

The Housing and Town Planning .\ct, however,

comes to our assistance in this respect by giving the local

authoritv power to vary bv-laws in the provision of a town
planning scheme, and, as is well known, substantial re-

ductions from the by-law w'idth in the case of short streets

are 'actually in force under the Ruislip-Xorthwood scheme.
^\ ith proper safeguards as to the limitation of the

luimber of houses to the acre, the proportion of curtilage

which may be occupied by buildings, suitable building

lines, and a restriction on the height of the buildings, I

think we may look forward to much more reasonable re-

quirements as regards the width of the roads. In addi-

tion to the relaxation of the bv-law width, however, con-

siderable freedom should be allowed both in the design

and construction of residential roads.

There is room for almost every kind of treatment,

from the glorified carriage drive to the formal square, and
it may be said, I think, w^ith some truth that the only

really guiding principle should be to make each road suit-

able to the property it serves.

One hesitates to make suggestions in regard to a

subject where generalizations serve no useful purpose, but

a few notes may not be altogether out of place.

In a high-class residential district where there are few
houses and large gardens, traffic is reduced to a minimum,
and it will be possible to make use of a narrow' road
possessing something of the characteristics of a carriage

drive. One lootpath will be ample, and the trees should

be planted on the garden side of the hedge.

On roads ha\ ing a crossfall an economy can be
practised and a charming effect produced bv keeping the

footpath at a higher level than the carriageway.
In the development of smaller class property, includ-

ing that occupied by the working classes, the houses are

necessarily much closer together, and consequently the

roads will be busier.

Here much can be done by careful planning, so that

one fairly wide road mav serve a large area developed bv
means of smaller roads, drives, closes, and so forth.

These minor roads can quite suitably dispense with a

footpath altogether, and exampjes are in existence at Ears-

wick, Letchworth, and other places, where this has been

done with most happ\- results. Where vehicles use roads

of this'type a minimum width of iS ft. should be provided.

As regards the design of formal residential roads, I

do nol propose to say more than that they should form a

definite part of the architectural scheme. The proportion

of the width allottetl to the footpaths and planted strips

will naturally be greater, and that for vehicles less, than

is the case for streets of similar dimensions designed for

tratlic.

BUILDING A DEEP-WATER CONCRETE PIER
ON SHORE AT VICTORIA. B.C.

THE development now in progress of the Victoria,

B.C., harbor involves the construction of about

5,000 ft. of pier and dock facing, which consists

of sectional hollow concrete wall, 35 ft. wide and

39 ft. high. Each section is an 80 x 35 x 39-ft. concrete

caisson, with reinforced outer walls 20 in. thick on all

sides and seven intermediate lo-in. transverse walls. It

has a solid bottom, thus forming a 2,500-ton caisson

with eight separate compartments.

Concrete Plant.—The floating concrete plant is in-

stalled on a 40 X i20-ft. scow, and has large elevated

storage hoppers, from which sand and gravel are dis-

charged by gravity to measuring-boxes below deck that

deliver their contents by an endless belt and bucket con-

vever to the mixer hopper. Cement is charged into an

iron receptacle in the cement house and forced by com-
pressed air through a 4-in. pipe to the mixer hopper.

Concrete is discharged from the mixer to a skip,

which is hoisted to the top of a 120-ft. tower and dis-

tributed bv a pipe to any point of the caisson form.

Drydock Construction Attempted.—The first two
of the fifty-four caissons were built in a floating drydock,

which, with the caisson, weighed alx>ut 6,000 tons.

\Miile attempting to launch the caissons from the dry-

dock the latter canted so much as to cause the caissons

to slip transversely, overturning and wrecking the dry-

dock. The caissons were subsequently recovered, floated

three miles to the required site, and successfully sunk

to position. Xo further attempts were made to use a

drvdock for the caissons.

Handling Caissons on Rolling Platforms.—.\ 90 x

225-ft. wooden pile skeleton pier has been built in water

about 40 ft. deep, six miles from the pier site, and here

five cais.sons are constructed at once on separate

40 X loo-ft. beds rolling on 4-in. double-flange cast-iron

rollers, spaced lo-in. centres on 12 lines of 8 x i-in.

track rails.

The finished caissons are successively pulled trans-

versely on to the launching cradle by two 13-part tackles,

rove with -'4-in. wire rope and operated by 7 x lo-in.

hoisting engines.

The launching cradle is a ballasted wooden scow

about 90 ft. long, 38 ft. wide and 7 ft. deep at the low'er

end, the bottom inclined to match the i : 18 slope of the

pile trestle ways, 700 ft. long. The cradle is set on 4-in.

double-flange cast-iron rollers on seven lines of 7 x i-in.

track rails, and before launching is held in position by

four 8 X I-in. anchor straps.

At the beginning of the launch, the caisson moves

bv gravity and is held back by a 29-part wire rope tackle

of>erated by a 10 x 12-in. hoisting engine. Xear the foot

of the launching ways the caisson having developed

retarding buoyancy, has to be pulled down by an auxili-

ary 7 X lo-in. hoisting engine. This plant has a capacity

of one caisson every seven days. It was designed,

constructed and operated by Grant Smith & Co. &•

McDonnell.
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THE DISCHARdi; I KOM VliHTlCAL I'll'l-S.'

By C. E. Grunskj.

Wllll.li assistant state engineer of California from

1881 to 1 888, I li:id to examine many artesian

wells and found it necessary early in this experi-

ence to devise a formula thai would enable a

quick estimate of discharge, using as basic elements the

diameter of the well and the height to which th'> out-

pouring water rose above the top of the wcll-casing.

The formula which proved satisfactory

was niade public in a paper read before the

Technical Society of the Pacific Coast on
October 3, 1884, and has not, so far as I

know, been superseded by anything better.

Although the formula was based on but few

exjjeriments, it is fairly dependable when ap-

plied to wells that are four inches or more
in diameter, and may be equally so for

smaller wells, but on this point I have no

information.

Tel I) -- discharge in cu. ft. per second.

d = inside diameter of the casing in feet.

*^io = height in feet to which water rises

in the centre over the top of the

casing.

Then as originally written

:

10 d \' /io"

D =

walfi (lonie will generally be undulatini^ and llic observa-
tion should continue long enough to get its mean eleva-

tion and not the extreme momentary rise of the water
at the centre. The \alue of d is the mean of two inside

diameters at right angles to each other.

The well-borer's practice, when he has linished hi^

work, is to wet a saw-blade, cover the same with fine

sand or dust and place the same back down, on edge
across the top of the casing. The extreme height of the

sand washed off is his estimate of the rise of the water
abo\e tlie top of the casing. This method of determining

Ji+3.525(y)"

or 4

lu

d- +

D = lod

ay + 2.:

(0

(2)

(3)

When /lo is small in comparison with d,

the denominator in (i) approaches unity,

.ind, with sufficient accuracy for the special

case in which the rise of the water above the

top of the casing is less than one-tenth of

the diameter of the casing, the formula may
be written

D = lod -JlhF (4)

and the similaritv of the formula to that for

a sharp-edged weir will be recognized.

If in this formula the length of the weir

crest 3.T4i6(f be introduced it will be seen

that

D = (3.i8<f) (3.1416) ^']u'

whereas the well-known Francis weir

formula would make, for the special case

under consideration,

D = (3-33d) (3-1416) v/ ho'

The formulae (i), (2), (3), and (4) are applicable to

the flow from vertical pipes, of wrought iron or other thin

material such as ordinarily used for well-casing.

When h„ is small, overfalling water may adhere to

the outside surface of the casing. In this event before lu

is measured the water film must be broken and air ad-

mitted under the overfalling sheet of water. To measure
ht a thin scale, with knife edge, may be used. The
measurement is made at two points at the opposite end
of a diameter with the scale held radially so as to offer

least obstruction. Care must be taken to sight for both
readings in the same horizontal plane. The top of the

*Abstra(t from a paper published in the Transactions of
the Technical Society of the Pacific Coast.

Chart for Computing Discharge.

/lo would give too large a value and is not, therefore, ad-

visable when the formula is to be applied.

Example: What is the flow in gallons per 24 hours

of an 8-in. artesian well in which the water is found to

rise 3 ins. (0.25 ft.) above the top of the casing?

Let it be supposed that the average of the two
diameters which were measured is exactly 8 ins., then:

d t d\.
= 2.667 and

JO X 0.667 X 0.667 \ 525
D = 0.715 cu. ft. per second - 460,000 gallon?

24 hours.

per
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USE AiND CARE OF EXPLOSIVES."

By Dr. R. E. Somers,
Department of Geology, Cornell University.

EXPLOSIVES arc di\ Idud into two classes which may
he designated simply as low explosives and high

explosives. .\s an example of the former, there is

ordinary black powder, or gunpowder, and among
the latter are the dynamites, blasting gelatine, gelatine

dynamites, picric acid and other nitro-explosives.

This difference in explosive power is due to the way
in which the two essentials of the explosive reaction,

namely, the material which oxidizes or burns, and that

which furnishes the oxygen for the combustion, are com-
bined. Gunpowder, for instance, is simply a mechanical

mixture of charcoal, sulphur, and potassium or scxiium

nitrate. The charcoal and the sulphur burn, while the

nitrate furnishes the oxygen for burning. In an explosive

like dynamite, however, the constituents are not mixed
mechanicall)-, but are combined chemically, so that the

material that burns, and the material that furnishes the

oxygen are bound togefher in a chemical compound. It

is small wonder, then, that such an explosive as gun-
powder should be of low power, while one like dynamite
should be of high power.

Incidentally, nitroglycerine, one of the high ex-

plosives, is made by the action of nitric acid on glycerine.

^^ hen first made, in 1847, it was found to be very sensitive

to shock and friction, and as a result they set about find-

ing some way- to get the explosive effect of nitroglycerine

without so much danger in handling it. In order to get

that result, .-Mfred Noble in 1865 hit upon the idea of ab-

sorbing it in something porous, like diatomaceous earth,

a cellular siliceous powder, and b\' means of this absorp-
tion, cushioning the sensiti\e nitroglycerine enough to

reduce the dangers of handling it, while at the same time
retaining most of its explosi\e power. This mixture was
called dynamite. The absorber is called the "dope," and
while the first dope was diatomaceous earth, the ones used
now are such as sawdust, wood meal, or a nitrate of

potassium or sodium, which burn at the moment of ex-

plosion and thereby utilize the small amount of oxygen
set free by the combustion of the nitroglycerine.

Guncotton is selected cotton, acted upon by nitric acid.

It is usually compressed because it explodes better in that

condition, and is the basis of many military explosives.

Blasting gelatine and the gelatine dynamites are often

used in engineering and contracting work. The former
is made by dissolving a small quantity of soluble gun-
cotton in nitroglycerine and gelatinizing the solution in

such a way that the dangers of handling it are somewhat
reduced. This gelatine inay then be absorbed in sawdust
or some other dope giving a gelatine dynamite.

Contractor's powder consists of a small quantity of

nitroglycerine absorbed in gunpowder as a dope. In a

way, therefore, it possesses intermediate properties be-

tween the two.

In considering the care necessary in handling ex-

plosives, the two classes must be treated separately. Gun-
powder, or black powder, is not sensitive to shock, per-

cussion, or friction. Therefore it is not necessary to be
careful about dropping it, or to prevent the slightest fric-

tion in manipulating it. It is undoubtedly true that black

powder can be exploded by striking it, on an anvil, with
a hammer, metal upon metal in other words, but except
under such verv extreme treatment it can be handled

*In Cornell Civil Engineer.

roughly with comparative safety. The principal thing
about taking care of it is to keep it dry. .A. good idea of

the condition of gunpowder may be gained by pouring out
a small quantity on a sheet of white paper. When rolled

from one part of the paper to another it should leave no
dust. Dust is fine-grained, mealy powder that may have
been left in the manufacture and serve to lessen the effects

of the explosion, or it may be the result of moisture in the
powder, which of course is a mark of deterioration. If

this powder then be ignited, it should burn up without
leaving a residue and without burning the paper. If black
spots are left, it means that there is too inuch charcoal, or
that the materials have been iinproperly mixed. Yellow
spots indicate an excess of sulphur. If holes are burned
in the paper, the powder is too moist. .'Vlthough affected

by moisture, it may still be brought back to good <ondi-
lion by drying, unless there are white spots on the grains.
These indicate that the nitrate has leached out because of
the moisture, and that the powder is practically spoiled,
as far as getting the best efficiency out of it is concerned.

The high explosives, however, require much more
careful treatment because of their sensitiveness. In the
case of the dynamites, this is due to the sensitiveness of
the nitroglycerine or the blasting gelatine from which they
are made, and the cushioning by absorption in a dope is

only partially effective. The percentage by which a dyna-
mite is designated refers to the percent, by weight of
nitroglycerine or gelatine in the cartridge. The remainder
Is absorbent. Since, therefore, the low^er grade of dyna-
mites contain much more dope in proportion to explosive,
than do the higher grades, the explosive itself is better
cushioned, and the dynamite less sensitive. The higher
grades, on the other hand, are cushioned to a less degree,
;ind are apt to be much more sensitive. Thus, a dyna-
mite of small percent, can be handled more freely and with
less care than one of large percent.

Dynamites should be stored in a building separate from
any habitation, so that in case of an accidental explosion,
there will be no further damage than to the building itself.

The explosive' must be kept dry. There should be no
metpl used in moving the boxes of explosive, or in open-
ing them, because at times nitroglycerine may leak out of
the cartridges into the wood of the boxes and if this should
be struck by a steel wedge or chisel, an explosion would
be very apt to follow. Copper wedges are safer than steel

or iron, but wood is the best. No flame lights, such as
lamps or candles, should be allowed in the storehouse.
The building itself should be heavy enough to afford com-
plete protection against the weather.

The condition of dynamite can be told fairly well by
an inspection of the cartridges. There should be no greasy
material on the outside of the paper, since its presence
means that the nitroglycerine is leaking out and the dyna-
inite is dangerous. The sticks should have no white spots

on them. These indicate that sodium nitrate has been
used in the dope, that it is absorbing water, which it does
easily, and that it is leaching out on the surface, thereby
decreasing the value of the material as ah explosive.

Furthermore, there should be no green color about the

stick. Nitroglycerine, under certain conditions, decom-
poses, with the liberation of green nitrous oxide gas. Such
decomposed nitroglycerine is very dangerous, and hence
if there are any green spots on the outside of the stick or

underneath the paper, the dynamite should be spread out
on the ground, at a distance from any habitation, and
burned.

Tlie most important thing, however, in the handling
of the high explosives, is the thawing of dynamite that

has frozen. Dynamite, or the nitmi'lvcerine in dvnamite
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Irt'f/cs at from 4J" lo 4(1" I'., i" Dtlii-i- words, lri)in 10'' U)

i.p liiijlicr than water. Not only docs it Ircezc thus t'asily,

lull wIk'ii Iro/cn it is very sensitive to breaUiii}", percus-

sion or friolion, and vet cannot be exploded well in blast-

inji. It therefore nnisl lie thawed, while al llie same lime

llie dangers of the operation are many. There have been

\cr\ manv accidents in thawing dvnamites, due chielly

rO Battery
fuse

Cha rqe

Fi^ J
F'fif

lo ihi- <rude methods which have been employed. It is

c|uite common to heat a flat stone in a fire, and then lay

the stone off to one side and put the dynamite on it ; ovens

are filled with dynamite; a griddle is set off the stove and

the sticks placed upon it; the sticks are laid on top of a

boiler; they are put in hot water, or even thawed with a

<andle. Such methods are exceedingly dangerous, be-

cause they violate, in every case, two important principles.

In the first place, nitroglycerine will leak out of dynamite

when the latter is heated. \\'arm nitroglycerine is doubly

sensitive and if a drop of it fall from the stick onto a

stone, or stove, or kettle, an explosion is sure to result.

In the second place, the dope has a greater aflinity for

water than for nitroglycerine, so that when dynamite is

placed in water, especially if the latter has been heated,

the water displaces the nitroglycerine, and forces it out

111 the cartridge, .\gain, there are liberated sensitive

drops of a liquid tliat will explode upon the slightest

provocation.

There are, however, many ways in which dynamite
can be thawed with perfect safety and most of them con-

sist of warming it, to a moderate degree, by means of hot

water, but not in contact with it. Most of the thawing
kettles put out bv the explosives manufacturers consist of

two <ompartments, one for the sticks of dynamite, and
the other for the water that has already been heated. The
kettles themseh es slmulfl never be placed on a stove. .\

ihaw house may he l)ullt, and kept at the right tempera-

lure bv means of cans of hot water, or by hot water

beaters.

In choosing an explosive for any blasting operation,

it must be recognized that the different explosives have
somewhat different belia\iors. .A low- explosive, like gun-
jiowder, has a comparatively slow, lifting or heaving
action. It, therefore, is the proper explosive to use on
clays or sands that are not consolidated. .\ high ex-

plosive, like dvnamite, has a quick, shattering action, and

the higher the grade of dyn.amite, the quicker its explosive

effect. Consequently, a high ex|)losi\e should be used on

the consolidated rocks, and the harder the rcH-k .ind the

liner it needs to be broken up, tlu' highei- the grade ol ex-

plosive that sln)uld be useil.-

I'here is not much that is lo be said that is definite on

the theory of blasting. The effects of an explosion are

spent upon shearing the rock, lifting the rock and the air

above it and heating the rock. Both the rocks, and the

ixplosives themselves are extremely variable, and hence

blasts are made under very widely varying conditions. It

is therefore impossible lo determine the quantitative effe<t

o( a unit weight of explosive, and formulate rules lor the

amount of explosi\ c lo use, and the depth and spacing of

holes in any given instance. The best way is lo profit

from the experience of others on similar operations and to

experiment with their quantity factors to make them fit

the work at hand.

.Vs an introduction to the latter part of my subject,

namely, the use of explosives in highway construction, it

would be well to note that there are proper as well as im-

proper way's of priming a cartridge of dynamite. One
end of the fuse should be cut off square and clean, and

over that end the cap should be carefully placed. It should

not be forced on if the fuse is too large, but the latter

should be whittled lo the right size. The cap should be

crimped onto the fuse by means of <-rimping pliers, and

never by means of the teeth. Then a hole is punched in

the end or side of the cartridge with a wooden stick or

w iih one of the handles of the crimper, the cap inserted,

and the fuse lied lo the cartridge with a string. This

allows the primer to be lowered down the drill hole without

danger of pulling out the cap, and is very much better

than the half-hilch which many blasters make around the

cartridge. In case an electric exploder is used instead ol

a fuse cap, the procedure is similar.

The principal uses to w-hich the highway engineer may
put explosives are, (i) the removal of stumps, (2) the

breaking the boulders, (3) the removal of obstructing

ledges and (4) the blasting of drainage ditches.

For the removal of stumps, holes should be bored

underneath the stump by means of an earth auger. Figs.

F/f S F>'^6 fi^7

,^/«a m Omg

CAj rqe

r/^ 8. //y 9.

1-4 indicate the placing of these holes for stumps of dil-

ferent kinds and sizes. For a small stump, one hole is

sufficient, as shown in I'ig. i. It should not be bored too

Hal; because the tendency then will be to split the stump

rather than to tear it loose. In case of a large stump

(Fig. 2) several holes should be bored. Where a tap root

is to be removed, the holes may be placed as in Figs. 3

and 4. Dynamite of low or medium grade is used, and

for a stump of moderate size one lo three slicks are
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sufficient, while lur a large slump, such as shown in I'ig.

J, from one lo three sticks per hole are required. The last

slick is primed with a fuse cap or an electric detonator, or

cap, except in a case like Fig. j, when it is necessary to

lire all the holes simultaneously and electric firing is de-

manded. In any case the hole must be tamped.
There are three methods by which boulders may be

broken up. The one illustrated in Fig. 5 is called block-

holing. .A. hole is drilled about half-way through the

boulder, charged with a small amount of medium to high-

grade dynamite, primed with a fuse or an electric deto-

nator, and well tamped. This is economical in powder
consumption, and the best method where there are many
boulders to ijlast. Fig. 6 illustrates mud-capping. One
or two sticks, primed, are laid on the flat surface of the

boulder, and a 6-inch thickness of mud or clay pitted down
on top. This is a very handy method but uses explosives

rather wastefully. Fig. 7 shows undermining, or the

snake-hole method. .\ hole is bored under the boulder
and charged with from one to three sticks of dynamite.
This method requires an intermediate amount of explosi\ es

and labor.

Blasting to grade often requires the remo\ al of pro-

jecting ledges and this may be accomplished by placing
rows of holes as shown in Figs. 8 and g, firing one row

r.f>,ng

CONCRKTi; PAVEMENTS IN CANADA.

Fia /O Fia // Fi^ JZ.

" Charge

Fj 13 Fi^. /^.

at a time, and thereby evacuating along the dotted lines

shown. These holes should be placed a distance apart

along the rows, and a distance back from the edge of the

cut, equal to their depth, except when very deep, in which
case they should be closer and nearer to the edge than
their depth. They should be loaded from one-third to

one-half of their lengths with low or high grade dynamite,
according to the hardness of the rock. They should be
well tamped, and should be fired by fuse or electricity.

By exploding one or more rows of vertical holes,

drainage ditches may be blasted in soft materials. Figs.

10 to 14 show the way in which the holes are placed. Figs.

10, II, 13 and 14 in cross-section, and Fig. 12 In longi-

tudinal section. The holes should be about the same depth
as the ditch desired, whi<h, for Figs. 10-12, might be
from I Vo to 5 feet deep. If greater, depth is desired, the

operation may be carried on as illustrated in Figs. 13 and
14. The holes should be from i '2 to 4 feet apart along
the rows, charged with from one to three sticks of dyna-
mite of medium or low grade, and fired simultaneously.

\\'here the ground is actually saturated with water, this

may be accomplished by one or two caps for ea<h row of

holes, but otherwise each hole should be primed.
In conclusion; if explosives are properly handled they

.'ire not especially dangerous, and there are many opera-
tions in road construction where their use means a saving
of time, labor and materials.

IN'
connection with the "Review of 1915 Paving Work,"

pul^lished in .May 1 ith issue of The Canadian Kn'^incar

,

it is of interest to no'.e that "Concrete Roads," a new-

booklet that is now being distributed by the Canada
Cement Co., .Montreal, contains the following authentic
list of concrete roads, lanes and streets laid during 1915
by Canadian towns and cities :

—

Oshawa, Ont., 9,000 square yards ; Leamington, Onl.

,

11,200; Essex, Ont., '1,430; Crimsby, Ont., 2,476; Inger-
soll, Ont., 3,929; Bridgeburg, Ont., i6,9(x>; Berlin, Ont.,
2,o<S3; Windsor, Ont., 20,1 1 1 ; Niagara Fall^, Ont., 3,200 ;

l-"ort Frie, Ont., 3,080; Sault -Ste. Marie, Ont., 11,800;
Walkerville, Ont., 5,168; Sandwich, Ont., 32,866; Ojib-
way, Sandwich and Sandwich West, 65,500; Chatliain,

Ont., 10,895; ^'- Thomas, Ont., 2,125; t"ayuga, Ont.,

1,907; Merritton, Ont., 2,835; L«ndon, Ont., 5,500; .St.

Catharines, Ont., 1,000; Toronto, Ont., 21,995; Toronto-
Hamilton Highway, Ont., 196,520; .Vmherstburg, Ont.,

5,000; Pointedu Lac, Que., 43,555; Cap Madeleine, Qu^e.,

25,805; Berthier, Que., 9,750; Three Rivers, Que.,

50.633; Shawinigan Falls, Que., 10,000; Ste. Rose, Que.,
11,000; ^^"estmount, Que., 9,455; Steel Co. of Canada,
400; Harbor Commissioners, 9,760; LaSalle, Que., 2,347 ;

Pointe aux Trembles, 11,436; St. .\nne de la Perade,

1,774; Amherst, X.S., 17,439; St- ^'tal, Man., 37,480.
Total, 682,414.

The following interesting tables are also contained in

thf aboxe-mentioned booklet:

—

Square Yards Concrete Highways in Canada (by Provinces).

Prior tu

Province. igog.

.Mherta
1909. I910. igu. 1912. 1913. I9I4. 19*5.

13I9 "4.076 I0.02U 13,89s 53,413 10,683

totals.

10,283 28.075, 3_I,899 40,414 3<i.37i

52,594 43.466 37,480

British Col-
umbia . .

Manitoba. .

New
Brunswick ^_,,

Nova
Scotia 650 10,670 17,439

Ontario ..72,806 23,664 17,831 26,055 »3o,569 209,366 297,734 441,5801,219,605
0'"'t>ec 5,745 37i8os !i2,o23 151,391 185,915 492,879
.Saskatche-

147,042

33.54II

28,759

l6,0(io 16,710

Totals .72,806 24,983 1 5.S,790 80,6115 214,168 460.(00 550,315 682,414 2,259.o.'<I

Number of Municipfilities in Canada that Have Used Concrete for

Paving Surface.
Up to

Classification. 1909. 1910. igii. 1912. 1913. 1914. 'oi.^

Streets 4 7 7 14 30 30 -S

Roadways n o i ^ 7 6
Lanes 2 i i 2 2 6

T.ital

Edwin S. Fraser, town engineer of N'ew Glasgow, X..S..

states that 5,940 sq. yards of bitulithic were laid in igi5, and
S,2oo yds. of concrete sidewalks. Total pavements laid to

date are 11,100 sq. yds. of bitulithic. .\bout $12,500 will be
spent this year on new pavements. It is planned to lav about
6,000 sq. yds. of concrete.

The Barrett Co., of New York, has now issued a 20-yfar
guaranty bond of all Barrett specification roofs of 50 sciuarcs

or more in the United States and Canada in towns of 23,000
population and over, and in small centres where their in-

spection service is available, provided the roof is laid by a

roofing contractor satisfactory to them and in strict acrord-
ftnce with the Barrett specification dated May ist, 1916. and
subject to the inspection and approval of that company. This
is a new departure and one which should be of great value l)

architects, engineers and owners of industrial plants of all

kinds throughout the Dominion. This proposal on the pan
of the Barrett Co. has grown out of the conviction that with
workmanship properly safeguarded, a Barrett specification
roof should last for a minimum period of 20 years without
repairs. The issuing of such a bond is evidence of the com-
pany's faith in their product.
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'UOGRAMMi: 01 CONVHNTION 01- THI: A.MIiRI-

CAN WATHinVORKS ASSOCIATION, NtW
YORK, JUNE ,ith TO 9th.

WI-:
li;ne pleasure in publishing herewith tlu- pro-

i;ramnie of this very important function. .\ny

i)f our readers who have attencied the conven-

tions of this body before will recall how ex-

ceedingly interesting and valuable the papers and dis-

cussions ha\e proven. It is very much to be hoped that

Canadian members of the Association will make a very

special effort to attend. Convention headquarters will

be at Hotel Asior, New York.
Monday, June 5th, will be devoted to registration,

meetings of special committees, etc., .ind a general

"getting together."

The real business of the convention will get away
to a good start, Tuesday, June 6th, at 9 a.m. The fore-

noon will be spent listening to the president's address,

addresses of welcome and responses thereto by the presi-

dent of the Association, Nicholas S. Hill, Jr. The fol-

lowing papers will be delivered that afternoon: "Experi-

ence with a Card Consumer's Ledger,"* E. W. Hasel-

tine. "Interpretation of Waterworks .Accounts"* (with

lantern slides), Mark Wolff.

Wednesday, June 7th.

Forenoon Session.-—g a.m.—Presentation of papers.

"Difficulties in the Design and Operation of Medium-
sized Waterworks Systems,"* E. B. Black. "Pumping
Machinery: Test Duty versus Operating Results,"* J.

N. Chester. "Reser\-oirs"* (presented with lantern

slides), Dabney H. Maury. "Prevention of Water Waste
on Railroads"* (lantern slides), C. R. Knowles. Report
of Committee on Electrolysis, Prof. .Albert F. Ganz,
Chairman.

.\fternoon.—Trip to Kensico Dam.—The Depart-
ment of Water Supply, Gas and Electricity, the Board
of Water Supply of the city of New York and the active

members of the .American Waterworks .Association in

the New York Section territory have arranged a trip to

the Kensico Dam. .A special train will leave the Grand
Central Station at 1.30 p.m. for \'alhaUa Station, on the

Harlem Division of the New York Central Railroad.

Surface cars pass the hotel, running direct to the station.

Returning, train will leave Yalhalla about 4-45 p.m.,

arriving in New York about six o'clock, in time for

dinner.

Evening .Session.—8 p.m.—Election of Nominating
Committee. Selection of place for holding the 1917 Con-
vention. (Associate members vote on place for holding
Convention.)

Presentation of Papers.-
—"Pressure Filters"* (pre-

sented with lantern slides), Harold C. Stevens. "The
Typhoid Toll"* (presented with lantern slides), George
A. Johnson.

Thursday. June 8th.

.Superintendents' Day.—Forenoon -Session.—9 a.m.
—Question-box and discussion of waterworks topics. A'
special programme, with questions and topics for dis-

cussion, will be issued for this day.

.Afternoon Session.—2 p.m.—Superintendents' Day
continued to 3 p.m.

3 p.m.—.Special examination of exhibits in exliibition

room, with demonstrations. Organ recital in the exhibi-

tion hall from 3 to 6 p.m.

(Papers marked with an * are printed in the June
Journal of the .Association.)

Chemical anil Bacteriulogical .Section.—I'orcnoon

Session. — 9 a.m. — Presentation of papers.
— "Some

Aspects of Chlorination,"* Joseph Race. "The Mount
Kisco Sewage Disposal Plant, Croton Walersh<-(1,"

Theodore Del»ng Collin and Frank E. Hale. "Some
Problems of the State Water Lalwratory," L. H. \'an-

Buskirk. "Recovery of Spent Lime at the Columbu^
Water-softening and Purification Works," Charles P.

Hoover.

.Afternoon Session.

—

2 p.m.—".A New Raw Water
Supply for the City, of McKeespwrt, Pennsylvania,"

Edward C. Trax. "Tests for Bacillus Coli as an Indi-

cator of ^^^^ter Pollution," C. E. .A. Winslow.

Evening.—•S.30 p.m.—Informal reception and d.'uice

tendered to the president and delegates of the .American

Waterworks .Association by the Waterworks Manufac-
turers' .Association in the Hotel .Astor. At 930 the

ajvard of prizes will be made to the Section of the

American Waterworks .Association having made the

greatest gain in membership, and to the individual

member of a Section having secured the largest number
of members.

Friday, June 9th.

Forenoon Session.—g a.m.—Presentation of Papers.—"The Selection, Installation and Test of a 1,000,000

Gallon Motor-driven Centrifugal Pump,"* S. R. Blake-

man. "The Latest Method of Sewage Treatment"* (pre-

sented with lantern slides), Edward Bartow. "Copper
Sulphate Treatment of St. Paul, Minnesota, Water
Supply,"* Prof. N. L. Huff and Garrett O. House.

Report of Coinmittee on City Planning, Ernest P. Good-
rich, chairman.

On Saturday, June loth, the local committee of

arrangements has made plans for excursions to various

points of interest. Full particulars regarding the Con-

vention, programmes, etc., can be secured by communi-
cating with J. M. Diven, Secretary, Troy, N.A'.

C. H. Rust, city engineer of Victoria, B.C., states that

$42,316 was spent by Victoria last year for 23,399 sq. yds.

of sheet asphalt and 4,152 sq. yds. of asphaltic concrete. This
amount included surface, base and grading. .Approximately
the same amount will be spent this year. Total pavements
laid to date in V'ictoria are: Sheet asphalt, 54M miles; as-

phaltic concrete, }i mile ; brick, % mile ; concrete, M mile

;

waterbound macadam, 1252 miles: bituminous macadam, ij^

miles; creosoted wood block, 3J4 miles.

The difficulties experienced by trade, industry and agri-

culture in the forwarding of goods by rail were recently dis-

cussed at some length in the French Senate, when serious

complaints were made of the long delays which are taking
place. The causes of the crisis are the diminution in the

quantity of rolling stock, as a result of the war, the defective

circulation of the rolling stock, inadequate supply of labor,

and the insufficient capacity of the sorting sidings, which were
not prepared for w-ar conditions. It appears that out of the

total rolling stock in the country, 54,000 wagons were seized

by the enemy, but as 3,000 German trucks were retained, and
7,000 Belgian wagons were available, the difference works out

at 44,000 wagons. If to these are added approximately 20,000

wagons retained for military requirements, a total deficit of

from 60,000 to 70,000 wagons exists. To remedy the matter.

about 2,500 wagons arc being obtained from England, which
will release an equivalent number of French rolling stock,

24,600 new wagons have been ordered, and a further supply

of 10,000. is in negotiation, all of which will be delivered in

the present year beginning from this month. It is therefore

expected that the difficulty will be progressively reduced, in

conjunction with the improvements which are being effected

in the circulation of the wagons
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The Engineer's Library I

E Any book reviewed in these columns may be obtained through the Book Department of E
E The Canadian Engineer, 62 Church Street, Toronto. E
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CONTENTS. . seventeen types of channel from cast iron pipe to a canal

Book Reviews :
'^'^ river. For purposes of design the deterioration in

1^ ^ .1 c- J ii- cu„„ carrying capacity is taken care of bv the addition of a
Concrete on the barm and ni the J>hop. '. ^ ^ '

, . , ,.

-

C n nhell - Certain percentage to the required discharge.

Hydraulic Flow Reviewed. Barnes 577 ^ most valuable feature of the book is the portion

American Civil Engineers' Pocket Book; Third («ome fifty pages) in which are tabulated the results of

Edition. Merriman ^"7 ^°7 tests on which the equations are based. The data

Web of Steel. Brady and Bradv 578 given is very complete, covering published results of tests

Practical Design of Steel-framed Sheds. Spencer 578 o" various classes of pipes and channels in many parts of

^ii-Craft in War and Peace. Robson S^8 ''^^ world. In these tables a comparison is shown in each

Parks and Park Engineering. Lyle S78 ^^^^ °^ '^'^ results by the author's equations and the test

General Specifications for 'concfete Bridges. results, the agreement being very good.

Watson 578 The second part of the book is devoted to the con-

Proceedings of the Pan-American Road Congress 579 sideration of the measurement of water and equations are

Publications Received 579
«yolved of the same general type, giving the velocity and
discharge for V notches, weirs and circular orifices. The

i^^^^_^^_^iaia,^^^^^^^^^^^^^.^_^^^^^^^^^ equations have the advantages that they contain no valu-

able coefficient and apply without limitation as to head,

BOOK REVIEWS. breadth, angle of notch, etc. The equations are based on

published experimental data which is given in tabulated

Concrete on the Farm and in the Shop. By H. Colin f"''" " t'le book, together with the results as given by the

Campbell, C.E. 128 pages, 5x7 ins., 51 draw- author's equations showing the close agreement forming

ings, cloth. Price, 75 cents!
' ^

"^ valuable reference feature.

A number of large size logarithmic charts are provided
This is a new book from cover to cover, illustrating

f^^ ^^^ solution of problems dealing with cast iron and
and describing in plain, simple language many of the ^,^^1 pjp^^^ channels, rivers, weirs and circular orifices.
numerous applications of concrete within the range of the -ri i_ 1 r • • r ..1,'^^,,, . , , • , c r • ihe book forms a very concise review 01 the experi-
home worker. It deals with the principles of reinforcing,

, , , ,1 a r ^ j .^u ., u 1 ^ 1

^ . . . , ,
'^ , '. , • r J mental work done on the How of water and the tabulated

form construction, mixing bv hand and machine, lounda-
1 .. • .^ i_- t. 1 r 1 -r-u.,,.?•'

, ., data gives it a high place as a reference work. the
tions, materials and reinforcing, and a great manv other ,u > t ^ . u-i i j- .. .. • -i *

.'_
, . ,

&' & ^, -
.

author s treatment, while leading to equations similar to
specific uses to which concrete can be put. Ui concrete ^, ^ . ,,,•,, , x t ^ j ^i i.

, , , . , , ,-,,,, n„ that of Williams and Hazen, is a step in advance through
books there is no end, but this book would seem to fill a ..... r .1 ,. ui r-i a: • ^ " j
, . , , ^ , , • , -1 the elimination of the troublesome Chezv coefficient and
decided want so far as the non-technical concrete worker ., , ^. ,. ,.„ ^ ,

.- ..i.
' ^ c jc„,,,,, ,

the adoption or dinerent values ot the exponents tor dit-
is concerned. The author has endeavored to translate jr., ,, 1 , » u- i j -^^ ji *

, . , . , , . , . , . ferent channel tvpes, which admittedly gives more accurate
technical expressions and technical terms into plain, u ,1

'•
1 • r 1 r n tu

, r^ ^ ,. , , , J results than a single pair ot exponents for all cases. the
evervday English, so that anv one who can read can

, , , , , V , 1 \ 1. j i- j • • .^•,--',.''„,
. 1 ,_ cr • . work should be of much value to hydraulic and irrigation

understand it. f he text is accompanied by httv-one simple
..t. u • ^ j -/u ^l a _ '

i , .
^, engineers or those having to do with the flow or measure-

drawings, in some cases these drawings being purposely "
^ r '..^',

,
..'^ b t c

. ment of water.
exaggerated to better show what is meant.

u J ,. ,-, r. • J Ti . , T> , /- r- T American Civil Engineers' Pocket Book. Edited by
Mvdraulic Flow Reviewed. Bv .\. .\. Barnes, .a.C.Cj.I., at c 1 . at j cr^ • ^ j..

, ,, , ,, „ „ ,-,.
, , , r- 1 T- XT .Mansfield .Merriman and fifteen associate editors.

-Assoc. M. Inst. (.E. Pubfished by E. and F. N. d 1 i- u j i t 1 nn c i -n- v„ 1„ ...,- , ,_ -,^, ,,. Published bv John Wiley iv Sons, Inc., Aew York.
Spon, Limited, London, and Spon and Chamberlain

.j-,^.^^, ^^.^^.^-
-

y ^ .^^

New \ork First edition 1915. 158 pages, 6x9^.
^ ^^^^ ^,,j

}>
tables! leather. Price, $5 net.

ins., with frontipiece and 11 folding plates, cloth.
. j,j >

Price, $3.50. (Reviewed bv John H. Parkin, This is a new edition, being the third since the work

B.A.Sc, University of Toronto.)' ^^as published in 1910. A great many minor changes

„, . , , . T- ,. , • • -1 iiave been made and some new matter has been added.
This book written by an English engmeer, is similar

j,^^ following being a short list of the more important:
to that of Williams and Hazen, so familiar to hydraulic Azimuth of Polaris* at Elongation, and other astronomical
engineers in .America. The general equation employed is

calculations; Statistics of Railroad Operation; New
of the same form, in the notation of the book v = KmCCiB Specification for Cement Testing ; Arches Under Water
but in this equation K, OC and B are constants for each Pressure; Discharge and Friction Heads for Long Pipes:
type of pipe or channel, all three changing with a change

p,;^,,^ Formula for Flow in Pipes and Channels besides
in type while being independent of size or proportions.

^^^^^ ^^^j,^,. ^^.^.^^^ ^^^j.^^ ^^^^ ^^^^-^^ ^^^^ complete.
In the first part of the book, which deals with the flow The book now contains 41 articles, 31 tables. 103 cuts and

of water in pipes and channels, is given the method of de- ,20 pages more than the second edition.
termining the values of K, OC and B for each type, by a An entirely new section of 96 pages has been added
system of logarithmic plotting of published experimental covering harbor and river works. Frederick R. Harris;
results for the particular type. A tabulated test is given Corps of Engineers, U.S. Navy, is responsible for the
of equations for velocity, friction bend and discharge for section.
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Wave action, wave proti'clion devices, such as break-
waters, bars, for shore protection and channel regulation

are fully taken up. Chapters on quays and landing places

are very complete and well illustrated.

The chapter on wet and dry docks is deserving of

special mention for its completeness in such small com-
pass. Alihouijh lliis chapter is the largest of the six in

the new section, covering as it does 27 pages, there is

enough information contained in it to enable an engineer
who is at all familiar with dock work, to design and con-
struct almost any form of wet or dry dock. The illustra-

tions are well chosen and easilv understood.

Floating and sliding caissons and other special forms
of steel constructed caissons for entrance gates are illus-

trated, but no attempt is made to go into the question of
design. Evidently the author considers such work as
being out of the scope of a civil engineer's pocket book.
The design of floating dry docks is taken up with some
detail and some cost data is added.

This pocket book, in its new form with the many
minor changes, and additions which make the individual
sections more complete, and the addition of the new-
section on harbor and ri\er works, will undoubtcdiv find

favor with a great many engineers who have not before
found such a work to be so complete and covering nearlv
ail their requirements.

The Web of Steel. By Cyrus Townsend Brady and Cvrus
Townsend Brady, Jr. Published by Fleming H.
Revell Co., New York.

It is seldom that a novel makes a special appeal to
the engineering profession. This is the case, however,
in "The Web of Steel," just published. It is a good
romance, with an engineering flavor, and written by
Cyrus Townsend Brady and Cyrus Townsend Brady, Jr.
The father has several other novels to his credit and the
son is a civil engineer. The preface states that the
volume is a book for men, about men, and written by
men. It has all the good points of a popular novel, and
the writers say that whatever may be said of their fiction,

they "rest confident in the engineering." As "no
scientific course is necessary for the comprehension of
the story," this interesting volume will be read not only
by engineers, but also by their ladies. The story is

divided into four parts under the following headings:
I., Bridge: H., C-io-R ; III., Dam; IV., SJDillway.

The novel is a well-written narrative, and will hold
the reader until the closing page. "The Web of Steel,"
bv C. T. Brady and C. T. Brady, Jr. Published bv
Fleming H. Revell Company, New York.

Practical Desfgn of Steel=Fraraed Sheds. By A. S.
Spencer. Constable and Co., London, Eng. (Re-
viewed by \. J. MacDougall, Mechanical En-
gineer, Toronto Power Co.).

In the first chapters of this book, after analyzing the
effect of wind stresses, standard designs of roof trusses
for sheds and the stresses in the various members are
given. The book is then concluded with descriptions of
external coverings and attachments for buildings.

This book is recommended to the engineer who lacks
the time to make the calculations and design his own
trusses, but is not recommended to those who, lacking
knowledge of structural calculations, would place on their

structure a ready-made design of truss. The reviewer
is of the opinion it will pay in almost all cases to have
a competent structural engineer design the structural
steel.

Air-Craft in War and Peace. By Wm. A. Robson. Pub-
lished by Macmlllan Company of Canada. Price,

75 cents.

Thi» is a new bcx)k, just issued, on this all-absorbing

topic, and is written in plain, non-technical language.
It points out with wonderful clearness the important part'

that air-craft has come to play as weapons of war. The
author attempts to lay before the general public some
of the outstanding points that have been brought to the

surface as the result of the use of air-craft in the present

war. The book is well illustrated and exceedingly read-

able, and should be of great interest to those who are

at all interested in the subject. It contains 176 5X7j4-
in. pages, bound in cloth, and will, no doubt, form a

welcome addition to literature of the science.

Parks and Park Engineering. By Wm. T. Lyle, .A.M.

.Am.Soc.C.E. Published by John Wiley and Sons

(Inc.), New York. 129 pages, 38 half-tones,

5^4x9' ins. Price, $1.25 net. (Reviewed by R.

B. Evans, .A.M.Can.Soc.C.E., Parks Engineer,

City Hall, Toronto.)

In reviewing a work on Parks and Park Engineering

one must be broad enough to admit that Engineering

is a large subject. The author has compiled an interesting

book on this subject, introduces several good points on

carrying out grading and drainage, and is not afraid to

help the student who wants to know the correct grade

for a sewer.

He touches on one or two personalities with whom
the ordinary reader might or might not be familiar, and

does not go deeply into the important subject of road-

ways. The work, however, gives some results of the

latest practices in road surfacing with oils, etc., suitable

for the ever-increasing automobile traffic, and an ac-

count of some modern boulevard pavements.

Some ideas re the acquisition of parks would be ex-

cellent reading for those interested in the improvement

of cities and towns.

The methods of survey are up-to-date and similar to

those in use in Canada.
Chapter HI., on Design, touches on some large city

improvement work, as well as some detail of taking care

of parks and roadways.

The importance of getting rid of water as quickly as

possible by various methods is emphasized, but none too

strongly, as this, to the writer, is one of the most im-

portant items in engineering w-ork.

The last chapter, on Construction, shows how one can

make a smooth road for others to travel, which is the

work of the conscientious engineer, no matter what par-

ticular line he may be following.

General Specifications for Concrete Bridges. By Wilbur

J. Watson, Mem..\m.Soc.S.E. Third edition.

Published by the McGraw-Hill Book Co. (Inc.),

New York. 70 pages, 8x11 ins., paper.

Price, $1.00. (Reviewed bv E. M. Proctor, De-

partment of Bridges, City Hall, Toronto.)

These .specifications, b\' tin- well-known author of

"Concrete Specifications," are brought up to date in

this, the third edition. The sections on Surface Finishing,

Waterproofing and Quality of Materials have been re-

written. It is in these three branches of the subject that

the greatest advancement has been made in late years.

Many other radical changes have also been made through-

out the book.
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The general arrangement of the specifications is ex-

ceptionally good. There are twenty-seven sections, each

section dealing with some distinct branch of concrete

bridge building. The sections dealing with design are

not as complete and well arranged as those sections

dealing with construction. This is evidently the result

of the author having viewed his work from the' construc-

tion engineer's standpoint.

.A. few points might be mentioned to illustrate the

above contention. The loading specifications call for the

uniform live load to be 100 lbs. per sq. ft., sidewalk and
road, regardless of the length of the bridge. The con-

centrated loads are, if anything, too heavy. A few dia-

grams showing wheel-spacing, etc., would have been a

great help to the designer. In Section II., "Rules for

Computing and Designing," "the length of span for

reinforced concrete beams, girders, slabs, etc., computed
as simple beams, shall be considered to be the clear

distance between supports," is one of the clauses. Very
few specifications are as liberal as this. In a general

specification like this it would have been better to have
given a graded scale of temperature ranges rather than

a range for latitude 40° only. In concrete arches the

temperature plays a very important part, and has gen-
erally a greater range than +35° Fahr. , as specified. .\

clause dealing more fully with this would not be out of

place. The specification for bonding of steel rods in

concrete are very liberal. Fifty per cent, may be de-

veloped by a 90° bend, and deformed rods are allowed
to be bonded -in one-half the length of plain rods. The
results of the recent tests, as published in Bulletin No. 71
of the University of Illinois, no not bear out these

specifications.

.Sect. IV., "Formulae," hardly has a place in a
specification. These formula are given in all test books
and are quite standard. Formulse Nos. i, 16 and 17 are

evidently printed incorrectly.

Sect, v., "Quality of Materials," is the standard
requirement of the American Society for Testing
Materials.

Sect. VI., "Proportioning, Mixing and Placing Con-
crete"; Sect. VII., "Placing Reinforcing Steel"; Sect.

VIII., "Placing Concrete in Cold Weather"; Sect. IX.,

"Forms and Centres," are all very well written and
arranged, and if followed will produce a high-class

product.

Sect. X., "Surface Finish," and Sect. XI., "Water-
proofing," are excellent, and cover in six pages the
various methods of modern practice in this rapidlv de-
veloping branch of engineering. Sects. XII. to XXI.
treat the following subjects in an able and concise man-
ner: "Reinforced Steel Construction," "Cast Stone and
Blocks." "Concrete Piling," "Inspection and Tests,"
"Retaining Walls, Abutments, Piers, etc.", "Concrete
Arches," "Reinforced Concrete Slabs, Beams, Girders,

Columns and Trusses," "Foundations and Footings,"
"Timber Piling," "General."

The last six sections are a valuable addition to bridge
specifications; they deal wMth the pavement on the bridge.
The titles of the sections are. "Cement Walks, Concrete
Curbs and Roadways," "Brick Pavement," ".Asphalt

Block Pavement," "Sheet Asphalt Pavement," "Wood
Block Pavement," "Bituminous Pavement."

Taking the ^.pe^ification as a whole, there are few, if

any, concrete bridge specifications that cover so much
ground and yet are so concise and well arranged. No
engineer will make a mistake in' adopting these speci-

fications.

Proceedings of the Pan-American Road Congress, held at

Oakland, California, September 13, 14, 15, x6 and
i7j 1915- (Reviewed by S. G. Talman, A.M. Can.
Soc.C.E., Roadways Department, City of Toronto.)

This comprehensive collection of papers will prove a

very valuable addition to the library of the highway en-

gineer, and is instructive reading for the layman road

user interested in good results and how to get them. To
cite one example from the many, the paper, "Highway
Indebtedness; Its Limitation and Regulation," deals with

facts with which every taxpayer should make himself

familiar. Besides the purely technical, the papers treat

the subject from every possible viewpoint, such as his-

torical, financial, legal, etc. .American thoroughness

marks the proceedings from beginning to end.

PUBLICATIONS RECEIVED.

Economic Methods of Utilizing Western Lignites.—

Bulletin No. 89 of the United States Bureau of Mines.

The Canadian Railway Club.—Official proceedings,

April, 1916. This issue contains a paper by S. J. Sargant

on "The Railways of India."

The Resources of Tennessee, No. 2, Vol. 6.—A maga-
zine devoted to the description, conservation and develop-

ment of the resources of the State of Tennessee. This

number contains articles on phosphates of Johnson County,

Tennessee, and notes on manganese in East Tennessee.

A Matter of Opinion.—Issued by the Canadian

Forestry Association, Booth Building, Ottawa. The
pamphlet is from the pen of Robson Black, the secretary

of the Association, and is designed as a warning with the

object of preventing, as far as possible, the firing of our

forests.

Reports, St. John. N.B.—A 400-page booklet contain-

ing the reports and accounts of the city of St. John for the

year 1915. Includes reports by William Murdoch, city

engineer ; F. L. Potts, works commissioner ; A. Win-
chester, superintendent of streets ; and G. N. Hatfield,

road engineer.

Patent Protection.—Issued by BabcockS: Sons, patent

attorneys, Montreal. Gratuitous distribution. Deals with

protection of inventions in Canada, United States and

abroad. Well indexed. Covers costs, patentability of

inventions, time required to obtain patent, and many
similar matters.

Regulations Respecting Highways, 1916.—Issued by

the Department of Public Highways, Ontario. It con-

tains the regulations of the Department of Public High-

ways with respect to county road construction, main-

tenance and repair under the Highway Improvement .\ct

and the Ontario Highways Act.

Reasonable Regulation of Railroads.—.V report sub-

mitted to the Joint Committee on the reasonable regula-

tion of railroads, which committee was formed in March,

1915, by representatives of ten of the leading commercial

organizations of Philadelphia. Copies of the pamphlet can

be secured by addressing Mr. Emil P. Albrecht, 214 The
Bourse, Philadelphia, Pa.

Standard Specification for Cast Iron Water Pipe and
Special Castings. Issued by the Canadian Society of Civil

Engineers'. These specifications, which were approved for

re-printing by the .Annual Meeting of the Society held in

January last, have now been issued. Contains thirty-four
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6-in. X r)-in. pages. They will be IduikI of peculiar in-

terest to all those who have to do with the design, con-

struction and maintenance of all kinds of waterworks,

sewage, filtration and industrial plants.

Rus.sian Trade Preliminary Report.—This is a reprint

of articles dealini; \\\\h Russian lra<le by Mr. C. 1*". Just,

Canadian Special Trade Commissioner, and is issued as a

supplement to the Weekly Bulletin of the Department of

Trade and Commerce. The pamphlet contains a large

amount of very valuable information that must be of con-

siderable interest to those whose attention is being turned

to Russian trade at this time. It contains 100 fi'j X9I2-

inch pages.

Steamboat Inspection Report.—This is a supplement

to the 4Sth annual report of the Department of Marine and

Fisheries for the fiscal year 1914-15. It contains the re-

port of the chairman of the Board of Steamboat Inspec-

tion, list of steamboat inspectors and an alphabetical ar-

rangement of all the steamers, machinery and hulls in-

spected in Canada during the liscal year ended March 31st,

1915, and various other tables of peculiar interest to those

who have to do with marine matters. It contains 160

6x9 pages.

Modern Development in the Sugar Industry.—.An in-

teresting brochure sent out by the J. (i. W'hitti Companies
of New York, devoted to an interesting description of the

development of the sugar industry. Reference is made
to the constantly increasing amount of capital that is

coming 10 be invested in the sugar industry and to the

announcement of the establishment of a sugar engineering

department under the auspices of the White Companies,
this department being designed to cover all the activities

of the sugar industry.

Fourth Annual Report of the Manitoba Public Utilities

Commission.—This report covers the period for the year

ended November 30th, 1915. It contains 138 pages and
a special feature of it is the verv exhaustive report of

.Albert F. Ganz, consulting engineer, on what he found
in his investigations for stray electric currents in the city

of Winnipeg and adjoining municipalities. The report

also deals with the Winnipeg River Power Company, the

Utilization of Domestic Coal, the Natural Resources of

the Province, the Annual Report of the Manitoba Govern-
ment Telephones. The report will be found of great in-

terest to many who are concerned with the administration

of public affairs in general.

Rules for Conducting Performance Tests of Power
Plant Apparatus.—This is a report of the power test com-
mittee appointed by the American Society of Mechanical
Engineers in .April, 1909, to revise the present testing code
of the Society relating to boilers, pumping engines, loco-

motives, steam engines in general, internal combustion
engines, and apparatus and fuels therefor, and to extend
these codes so as to apply to such power-generating ap-

paratus as the present codes do not cover, including water
power, bringing them into harmony with each other and
with the best practice of the day. This report, which
contains 218 pages, will be found of considerable interest

to many of our readers, especially those of them who are

connected with hydro-electric practice. It contains rules

for conducting tests of all classes of power apparatus.
The committee has gone into this matter very thoroughly,
indeed, and practically almost every point is touched.
Those who are interested will probably be able to secure
a copy of the report by addressing Calvin W. Rice, Secre-
tary of the .American Society of Mechanical engineers.

New A'ork.

jiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii/i!:
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Montreal, Que.—More than two ihous'and guests

witnessed the launching of the "J. U. llazen," the second

largest ice-breaker in the world, from the shipbuilding

yards ni the Canadian V'ickers, Limited, at Montreal,

May 15111.

Peterborough, Ont.—The .Appellate division has dis-

missed the appeal of the city of Peterborough from the

decision of Justice Britton upholding the award of the

arbitrators who lixed $154,(115 as the amount to be paid

by the city for the plant of the Peterborough Light an.d

Power Company, Limited, which the city took over. The
application by the city to examine the arbitrators as to

their award is also dismissed.

Vancouver, B.C.—.Arrangements for continuing the

geodetic survey of the firitish Columbia coast, started last

year, are being made by Mr. Xoel J. Ogilvie, assistant

superintendent of the Dominion Geodetic Survey Depart-

ment, who is in charge of the extensive operations on the

Pacific seaboard. Two small parties in charge of Mr. W.
H. MacTavish, an engineer of the department,' left for

Prince Rupert recently to commence observations off

Dixon Entrance.

The Pas, Man;—The Ottawa government will not

undertake the expense of surveying the boundary line be-

tween Manitoba and Saskatchewan, north- of 60, to de-

termine the location of Flin-Flon and Athapapuskow
Lakes. This information was contained in a letter to the

Board of Trade from J. H. Challoner, head of the survey
branch of the Department of the Interior. The status of

the sulphide ore lakes will remain unknown until the

survey is made.
Montreal, Que.—On the mezzanine or sacking floor of

the $800,000 addition to Elevator No. i. Lady Borden
recently gave the signal which started the machinery in

motion for the first time and opened the bin valve to allow

a continuous stream of wheat to fall out on the ever-

moving belt beneath. In so doing she inaugurated the

active life of what is now the largest seaport elevator in

the world, the new addition giving elevator No. i a total

capacity of 4,000,000 bushels.

Montreal, Que.—Gigantic steam shovels weighing 65
tons each, capable of eating up the earth at the rate of

150 to 200 cubic yards an hour, and self-propelling ex-

tension track pile drivers, are part of the equipment
recently purchased by the government for Col. C. W. P.

Ramsay, of the Canadian Overseas Railway Construction
Corps. This plant was selected by Col. Ramsay's coir

leagues in the engineering department of the Canadian
Pacific Railway and is being prepared b}- that company
at the request of the government for shipment abroad.

Fort William, Ont.—The city of Fort William still

does not desire the Canadian Car and Foundry Company
to sell its Fort William plant to the Russian government.
The company some years ago received certain concessions
for building the establishment there, but the plant, al-

though completed, has not operated yet. The city recently

had a visit from Mr. W. W. Butler, vice-president, and
Mr. K. W. Blackwell, one of the directors of the company,
who met the coun<-il and discussed with them the question

of the removal of the car plant from Fort William. The
council met last month and the case on behalf of the car
company was presented. .After full discussion a motion
was adopted that council was not favorable to the removal
of the car plant.
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ACTIVATED SLUDGE.

It is questionable whether the optimist could have

predicted the great developments which have been and are

takingf place in connection with the activated sludge pro-

cess. Prof. Gilbert J. Fowler announced in 1913 the

results of experiments made at the Manchester, sewage
works by adding iron salts, inoculation of sewage with

an organism and blowing in air, which produced a

"limpid, sparkling and non-putrefactive effluent." This

research was undertaken because of a suggestion made
to him by Dr. Maclean Wilson that it might be possible

to "discover some kind of clotting enzyme which should

do the work which now apparently takes place on the

surfaces of the medium of the filter bed." Dr. Fowler,

when reading a paper before the Liverpool Engineering

Society on March 4th, 1914, stated that he looked "for-

ward with confidence to the time when it will be possible

completely to purifv sewage in a tank with the production

on the one hand of inoffensive sludge which can be readily

handled and disposed of as manure, and on the other of

a well-aerated effluent."

In May, 1914, the world learned of the results

obtained by Messrs. .\rdern and Lockett, who were
collaborating with Dr. Fowler and from that time to the

present sanitarians have in many lands given the activated

sludge process a great amoimt of consideration. Those
.who have kept in touch with the progress of sewage treat-

ment during the past generation can recall the multitude

of methods which were tried ; but the standards of purifi-

cation and the efficacy of the processes did not work out

in practice according to the predictions of those who
heralded their inception. Consequently, we have been

waiting and observing, delving into Nature's mysteries

and slowly bringing to light many valuable discoveries

which in the aggregate have brought the science and art

of sewage treatment within a measurable distance of the

desired goal.

'\\'e have before us the report issued by the Mil-

waukee Sewerage Commission, the bulk of which deals

with extensive experimentation in connection with the

acti\'ated sludge process. The forward step taken by Mr.

Chalkley Hatton, the chief engineer, and his chief chemist,

Mr. William R. Copeland, in advising the Commission to

construct a two-million-gallon-per-day plant, commands
admiration, for no doubt many problems and difficulties

are brought out, when operations are conducted on a large

scale, which are often unobserved in the laboratory.

Milwaukee experiments have revealed some of these. For
example, the diffusion of air has, in practice, apparently

not proved so easy of attainment as was originally antici-

pated., Mr. George W. Fuller has drawn attention to

several points which deserve consideration, and no doubt
with patient research they will be satisfactorily solved.

The process, nevertheless, is advanced sufficiently to

indicate that it is applicable under a great variety of con-

ditions. It will treat sewage containing large proportions

of trade wastes which have hitherto caused great trouble,

and also sewage which is entirely domestic; but in each

case the treatment, although identical in principle, must
be varied according to the strength and characteristics of

the sewage. The effluents obtained by the process exceed

in superiority those got by ordinar^• methods, even with

ample area of filters and ellicient sterilization. Further-
more, it was possible, at Milwaukee to purify about 10

million U.S. gallons per acre, whereas only 2.5 millions

are possible by the older methods.

The ordinary haphazard attention, however, will spell

failure because, on the one hand, there must not be an
accumulation of unoxidized sludge, nor, on the other,

much exhausted sludge due to over-aeration. There is a
great measure of flexibility in the process, for by aerating
the sludge during the period of minimum flow and weak
sewage it is possible to charge the incoming sewage
during the other periods with vigorous activated sludge.

Whilst the effluent from these tanks is clarified and
purified to a greater degree than is possible by ordinary
sewage treatment, the sludge which has always been the
great bugbear of sewage works is made valuable as a

fertilizer, owing to the proportion of nitrogen, phosphorus
and potash contained therein. .Activated sludge drains
easily and can be pressed into cakes. The use of lime,
however, may probably be avoided by using fine ashes,
coal or lignite dust, or dry peat, and it would be instructive

if experiments were made on these lines. Screened cinders
are found effective with ordinary sludge at Oldham, and
Degeur used lignite in Germany. As activated sludge
contains about 98 per cent, of water it will be seen that
if the moisture content was reduced to 20 per cent, the
weight would be reduced from 100 to 2.5, which is a most
important factor- in its manipulation.

.Although Canadian municipal authorities will learn
much by the work done by British and .American experi-
ments, there is more to be gained by carrying on similar
work because there is a great deal of knowledge to be
acquired by observing the particular features of the pro-
cess under diff'erent conditions. No scientist can express
in language all the knowledge he has gained, even if he
should write volumes. It is the personal contact with a
new process which reveals its full value.

The comprehensive experiments made at Milwaukee
have so fully confirmed the statements made by Messrs.
.Ardern and Lockett that there remains but little doubt in

the minds of sanitarians generally, that we are to witness
a great reA'olution in the method of sewage treatment and
the standards of purification which will in future be attain-
able in ordinary.everyday practice.

AN INTERESTING ANNOUNCEMENT.

As indicating the confidence of the French people it

is interesting to note that plans are now being formulated
for the holding of a Reconstruction Exposition in Paris
during May, June and July of this year. In a statement
to manufacturers it is pointed out that the war has laid

bare the habitations of 35,000,000 people and destroyed
county roads, city streets, public service systems, factories

and farms. This, indeed, is a most interesting announce-
ment and indicates the spirit of the people. It spells

hopefulness at least. The prospectus adds that the end
of the war will mark the beginning of the work of recon-
struction and for this a vast amount of machinery and
supplies will be necessary.
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P H R S N A L .

H. D. CAMERON has been appointed mechanical

engineer of the Canadian Northern Railway, with olhce

at Toronto, Ont.

Prof. \VM. NICOL, of Queen's University, has

resigned after having l)een professor of mineralogy for

twenty-five years.

C. A. COTTIER KLL ha> been appointed superin-

tendent, district of .\lberta division, Canadian Pacific

Railway, with headquarters at Lethbridge.

J. E. B. PHELPS, former chief engineer of the

Sarnia Electric Light Company, has been appointed gen-

eral manager of the Sarnia (Ont.) Hydro Power Com-
mission.

Sir AD.\M BECK, chairman of the Hydro-Electric

Power Commission of Ontario, has had the degree of

LL.D. conferred upon him by \\"estcrn University,

London, Ont.

J. G. SULLIVAN, M.Can.Soc.C.E., chief engineer

of the western lines, Canadian Pacific Railway, has been

elected first vice-president of the .American Railway En-

gineering Association for 1916-1917.

.ALL.W PURX'IS, superintendent of the C.P.R. at

London, Ont., has been apjjointed general superintendent

of the Eastern Division in place of A. E. Stevens, who
has been transferred to a similar position at Moose Jaw,
replacing J. G. Taylor, who had to relinquish his duties

on account of ill-health.

W. GRANT FR.\SER, of New Glasgow, N.S., has

been appointed under the Imperial Munitions Board, as

chief inspector of all munition factories in the Maritime
Provinces. Mr. Eraser has had a long experience in steel

manufacture, having been one of the smelter foremen for

the Nova Scotia Steel and Coal Co., both at New Glasgow
and at Sydney Mines.

A. F. MACALLUiM, C.E., M.Can.Soc.C.E.. city

engineer of Hamilton, Ont., has resigned to accept the

position of works commissioner of Ottawa, Ont. Mr.
Macallum was chosen unanimouslv by the Ottawa Board
of Control at a meeting last Thursday morning, and his

appointment was ratified by the city council at a special

meeting held that evening. Mr. Macallum is president of

the American Society of Municipal Improvements, and is

one of the best-known municipal engineers in Canada. He
is a graduate of the School of Practical Science, University

of Toronto, and is a member of the American Society of

Civil Engineers. For several years after graduation Mr.
Macallum was engaged in railroad work. He was then
appointed assistant city engineer of Toronto, and later

entered private practice at Toronto. He has been citv

engineer of Hamilton for seven years. Mr. Macallum is

an able and popular engineer, and carries with him to his

new position the good wishes of all of his fellow Canadian
engineers.

MANITOBA BRANCH CANADIAN SOCII.TY OI

CIVIL ENGINEERS.

ANNUAL CONVENTION OF THE ROYAL ARCHI=
TECTURAL INSTITUTE OF CANADA.

The General Annual .Assembly of the Royal .Archi-

tectural Institute of Canada will be held at Quebec, Que.,
on Saturday, 9th September, 1916. .-MI Canadian archi-

tects are inyited and a record attendance is expected, j.

H. G. Russell, Winnipeg, Man., President. .Mcide
Chauss^, 5 Beaver Hall Square, Montreal, Que., Hon.
Secretary.

The regular monthly meeting of the Electrical Section

was held May loih, when F. H. ALirtin gave a talk on

"Water Wheels."

EDMONTON BRANCH CANADIAN SOCIETY OF
CIVIL ENGINEERS.

The Edmonton Branch of the Canadian Society of

Civil Engineers held their special meeting for the election

of officers for the ensuing year on the loth instant at the

Cecil Hotel. .About twenty members of the Society, resi-

dent in Edmonton were present.

After a pleasant and informal dinner, the business of

the evening was taken up. The following officers were

elected to be installed next October when the new season

commences: Chairman, L. B. Elliot; vice-chairman, J.

Chalmers ; secretary-treasurer, C. .A. Robb ; executive

committee, .A. T. Eraser, D. J. Carter, J. L. Cote, D.

Donaldson. .After other regular business brought before

the branch was disposed of, the meeting adjourned at 9.30.

AMERICAN SOCIETY FOR TESTING MATERIALS.

The nineteenth annual meeting of the American
Society for Testing Materials will be held at .Vtlantic City,

N.J., June 27 to 30. Headquarters for the meeting will

be at the Hotel Traymore. -A summarized programme of

the meeting follows :

—

First session, Tuesday, June 2'^, 11 a.m.—Minutes of

eighteenth annual meeting ; report of executive committee ;

various committee reports ; announcement of election of

officers ; miscellaneous business.

Second session, Tuesday, 3 p.m.—Reports of com-
mittees on miscellaneous materials.

Third session, Tuesday, 8 p.m.—Presidential address

and reports on heat treatment of steel.

Fourth session, Wednesday, 10 a.m.—Reports on
steel and iron. XX'ednesday afternoon will be reserved for

recreation.

Fifth session, Wednesday, 8 p.m.—Reports on tests

and testing.

Sixth session, Thursday, 10 a.m.—Reports on cement
and concrete.

Seventh session, Thursday, 3 p.m.—Reports on
ceramics and road materials. Thursday evening will be
reserv-ed for a smoker.

Eighth session, Friday, 10 a.m.—Reports on non-
ferrous metals and cast iron.

Ninth session, Friday, 3 p.m.—Reports on miscel-
laneous materials.

In connection with the forthcoming- Convcntwu of the
American Water Works .Association to be held in New York,
June 5-9, it is proposed to take delegates, w'ho so desire, to
see either Kensico Dam and reservoir, in which is stored
38,000,000,000 gallons of Catskill Mountain water, the
.Ashokan .Aerator at the beginning- of the Catskill Aqueduct,
or the new four truck double deck subw-ay in locv tunnel
in Lexington .Avenue, New York City. No doubt many of
the delegates will be glad to take full advantage of seeing
these important engineering works.
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THE NEW QUEBEC BRIDGE
.W INTERESTING .\CCOUNT OF THE METHOD TO Bl^: EMPLO^'ED
IN HOISTING THE SUSPENDED SPAN INTO PLACE — THE
WEIGHT OF THE SPAN IS APPROXIMATELY FIX'E THOUSAND TONS.

By A. J. MEYERS,
Chief Draftsman, Board of Eng-ineers, Quebec Bridge.

T1 HE contract for the construction of the piers for

•.he Quebec Bridge was awarded to M. P. and J.

T. Davis, of Quebec, in February, igio. This

phase of the work was very fully descrilied in the

issue of July gth,

1914, in an article b\

Mr. H. P. Borden.

The close of the year

1 914 found consider-

able progress had been

made.

During the season

of 191 5 most satisfac-

tory progress' was
made, a detailed ac-

count of which was
published in The Cana-

dian Engineer Sep-

tember 23rd, 1915.

On July 8th, 191 5,

the erection of the

main shoe on the south

shore started. Work
in connection with

this part of the con-

struction was greatly

facilitated by the ex-

perience gained.

On November 12th,

1915, when the erec-

tion programme for

the new Quebec Bridge
was finished for the

season, the north
shore anchor and
cantilever arms and
the south shore anchor
arm including the

main post, had been

completed. The total

tonnage erected up to

that time amounted to

approximately 46,000
tons, about 30,000
tons of which had been placed during the 1915 working
season of seven months, from the middle of .A.pril to the

middle of November. The total quantity of steel in the

bridge will weigh in the neighborhood of 65,000 tons, so

View Showing l,0004on Traveler and Progress of Erection.

that the programme for the season of 1916 calls for the
erection of about 19,000 tons, a comparatively easy task
judging from the records of the past summer. Of this

19,000 tons, the south shore cantilever arm contributes

13,000 tons and the
suspended span 6,000
tons.

XX'ork on the erec-

tion of the south shore
<*antilever arm was
properly started about
the middle of April,

1916, and at the time
of writing this article,

the first pane! and a
half, adjacent to the

main pier, is practi-

cally completed. It is

expected that the pro-

gress of erection of the

south shore cantilever

arm will be approxi-

mately as stated in the

schedule on the fol-

lowing page.

The method of erec-
tion of the south canti-

lever arm is entirely

the same as that fol-

lowed on the north
cantilever arm, and,
as noted above, it is

expected that this
work will be finished

by the end of the first

week in September,
19111, when the bridge
will be in readiness

for the floating in and
hoisting into place of

the suspended span.

The suspended span
is a double-track,

curved top chord span,

640 feet long, 1 10 feet high and 88 feet wide, and weighs
in the floating in condition approximately 5,000 tons. The
greater part of the floor steel, being left off while the span
is being floated and hoisted into place, will be placed by
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means of a derrick car after the span has been coupled up
to llie ends of the cantile\cr arms.

Schedule Showing Approximate Progress Expected in

Erection of South Shore Cantilever Arm.
-Main



June I, 1916. THE CANADIAN ENGINEER 585

Fig. 2.

longitudinal bracing, floorbeams, bottom chords, bottom

laterals and web members, except the upper half of the

main diagonals and vertical sub-posts, as it advances until

it reaches bent 17. It will then move backwards, com-
pleting the erection oT the truss members, top laterals and

sway bracing.

In Fig. I the members erected as the traveler ad-

vances are shown in full lines, the members placed on the

return trip are shown by dotted lines.

Sand jacks will be used at the even panel points,

directly under and with top bolted to the vertical posts,

to transfer the load to the outer columns of the staging.

Timber blocking will be used for the same purpose at the

sub-panel points and also between the floorbeams and

inside columns of the staging at all panel points.

The span being completely erected, the timber block-

ing at the intermediate staging supports will be removed,

the sand jacks lowered, and the span will rest on the end

bents at Ln and Li«. In this condition, as shown in Figs.

3 and 4, six scows 32 feet wide, ifio feet long, and 11 feet

7 inches draft, will be tloated in and placed under the

panel points L,, Lu, L3, L,-., L,o and L,?. The valves in the

bottom of the scows will be opened and the scows sunk

until they rest on their foundation supports. The cross-

girders and bracing which transfer the loads to the scows

will then be placed.

To raise the span from the end supports at Lo and

Li«, preparatory to floating out, the scows will be drained

at low tide, the bottom valves closed, and as the tide

rises the span will be gradually lifted and be in readiness

for proceeding on its journey to the bridge site, if the

weather and tide conditions are considered favorable. If

conditions are not considered favorable, arrangements will

be made by means of timber crib guides, tackle running

to anchorages on the shore and tugs, so that the span can

be returned to its supports.

While the span is on its way to the bridge site, it will

be kept under control by means of tugs of sufficient power

capacity to overcome all anticipated resistances due to

wind and current.

Arriving at the bridge site, the span will be anchored

to the ends of the hanging trusses shown in Fig. 5, coupled

up to the hanger slabs provided at each of the four

corners of the cantilever arms, and raised into its final

position by means of the movable jacking girders and

eight 1,000-ton hydraulic jacks, two at each corner, as

shown on Fig. 3.

It is expected that this span will be floated into place

sometime during September or October, 1916. If this

programme is carried out, it will be possible to run trains

over this great steel bridge, the largest in the world, and

the last link in the National Transcontinental Railway

system between the Atlantic and the Pacific, before the

close of the year 1916.

The work is being executed under the supervision of

the Board of Engineers, Quebec Bridge, composed of C.

N. Monsarrat (chairman and chief engineer), Ralph

Modjeski and H. P. Borden.

The St. Lawrence Bridge Company are the contrac-

tors for the superstructure, (leorge F. Porter being en-

gineer of construction, W. B. Fortune, superintendent,

and S. P. Mitchell, consulting engineer of erection.

Note :—The construction of the new Quebec Bridge

is replete with unique engineering methods and has been

r^
Fig. 4.

^^B5<^^^^iK5S<^*'
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closi'lv IDIIuwctl siiHC ils l)i'i;iMninf; in llic toluiuiiN ol 'I'lic

CinKiiliini Hiifiiiiccr. InltTi'sl in this work is pracliially

world-wide and i"nt;iiv crs in :ill countrios will rL-joicf in

ils successful I'ompklion. In the foregoing article Mr.
Meyers gives a review ol what has already been aocom-

I'RACTICAL MAINTKNANCH 01- KOAD PLANTS.*

Supi.

By M. E. Fafard,

of Koad Plants and Construction, Province of Quebec.

Department of Roads of the Province of

c owns 57 complete macadamizing plants,

'^2-/000^n hydraulic joc/is-

)

Twv.One Dec

besides a special plant for gravel and earth roads.

These plants are placed at the disposal of nninici-

palilies, upon request. This allows municipalities to

macadamize their roads without spending a considerable

amount for the purchase of a road plant.

With each plant the department sends an instructor,

whose duties consist in having the work done in accordance

with the specifications. He must look after the plant, be

in daily communication with the department, and make a

weekly report, showing the work done during the week.

He must show in detail what each man did, the length of

the haul, the number of trips inade by the carters, and the

amount spent for labor for each of these operations. These
reports are looked into and classified by a

civil engineer. The instructor must also look

after all purchases of tools and repairs to the

plant. A'l purchases and repairs must

plished and gives some interesting information as to the

methods to be employed in placing the suspended span.
For further details of the substructure and superstructure
of the enterprise, readers are referred to the following

issues of The Canadian Engineer : Julv 14 and October
6, 1910; June 13, igii ; October 31, 1912; February 13,

191 3; April 9, 1914; November 12, 1914; December 31,

1914, and .September 27, 1915.

—

[Editor.]

be requisitioned on special blanks signed by him, which

are given to the merchants or to those making repairs.

Such requisitions must correspond with the accounts that

are sent each rnonth to the department to be audited ;

otherwise the accounts are refused. The instructor must
also keep the department posted regarding the state of

the plant and of the repairs made or to be made. The
advantage given to the municipality of either renting or

borrowing the goxernment plant obliges the department

The London United Tramways Company,- of London,
England, last year carried 63,145,000 passengers, or 1,701,000
more than in the previous year.

*Abstract of paper read at Third Canadian and
national Good Roads Congress, Montreal.
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to move many plants from one municipality to another

every year.

Repairs and Maintenance.—The method followed at

present has been studied and modified, and gives entire

satisfaction. We have a head machine repairer, who
formerly built plants and road machines, and he has with

him another machine repairer of experience. They each

have a tool-box containing all the necessary tools to make
the repairs on the spot. They also each have a portable

smith's forge, because in most cases the plants are

far from villages and
workshops. They also

have the necessary

utensils for melting

metals, and casting

babbitt bearings.

The large parts,
which can not be re-

paired on the spot, are

sent to the depart-

ment's store of spare

parts, which attends

to the repairs to be

made. The repairers

work all the season

repairing road plants,

following instructions

of the department.
They must go only

where the department
orders them to go

;

they must report daily ;

every Saturday, they

must, on a special

form, report to the de-

partment for each dav
of the week, use of

their time, the places

where they w-orked,

the work done each
day in each place, the

distance covered daily,

and whether on a rail-

road or in a wagon
;

they must inform the

department, by tele-

phone, on Wednesda\
of each week, of the

place where they are,

what they have done,

and what remains to

be done to the plant

;

they must telephone

to the department as

soon as repairs are

finished, so that they

may receive instruc-

tions to go elsewhere.

•At the beginning of the season before work is started,

and in the fall after work is stopped, they are accompanied
by four men who have experience in repairing. They are

given an itinerary to repair the plants which have suffered

the most damage, and to put them in good working order,

because, each in their turn, all these plants have to be ex-

amined and overhauled. In the fall the head machine re-

pairer inspects the plants which he did not see during the

summer, and reports to the department the parts which will

have to be repaired during the winter, and he ships to the

department's store of spare parts in Quebec, all the parts

Connection at Panel Point A L2—Bottom Chord, South
Anchor Arm, Quebec Bridge.

—See article "The Xew Quebec Bridge," page 583.

which will have to be repaired. .\ linen tag is attached to
each part, and the number of the plant from which it

comes is written in ink, as well as the name of the inunici-

pality. These tags remain attached, so far as possible,

to the parts while they are being repaired ; thus, there is

no confusion in returning the parts.

.At the end of the season, the instructor must make a
complete inventory, on a special form, of the machinery
and spare parts which he has on hand. Moreover, he must
explain in detail, for each machine, the repairs necessary.

So, should the head
machine repairer be

unable to inspect all

the machines, or
should the plant be too

far away, the depart-

ment still knows what
repairs have to be
made to each machine
and to each plant.

The spare parts which

can be repaired are

sent to the store. Be-

fore they arrive a new
part is shipped to the

plant, and the depart-

ment only charges the

municipality with the

cost of repairs. This

is verv economical and

also often prevents

work being stopped in

the busv season. To
obtain this result, we
require the instructor

to telephone to the de-

partment every time

the plant is out of

order to such an extent

that he cannot repair

it. It is his duty to

find out, before tele-

phoning, the exact
number of the part.

If it has no number,
he must be able to de-

scribe it accurately,

giving its size, etc.,

so that we can send

the right part. If he

is unable to give the

necessary information,

he has to pay for the

telephone or the tele-

gram, and is likely to

be dismissed, as this

would denote careless-

ness or incompetence.

Our store of spare parts carries a stock of the parts

most in use, as we now know the parts which wear out

quickest or are likely to break often. Jaws, metals, pack-

ings, fittings, oil, etc., are specially chosen. The store

has over 820,000 worth of stock. Three employees re-

ceive and ship goods. By systematized accounts each part,

whether sent from the store, from the shop or by a manu-
facturer, is charged to the plant which has asked for that

part. .A record is kept of everything coming in to the

store, and nothing is delivered unless requisitioned by the

office on a special form.
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Shippin}( of Plants on Cars.— I will hr'ully explain ilu-

ordi'is !;i\cn to our iiislructors wIil-ii it is nwressary to

ship a plant on cars. The first thing to do is to order the

cars in advance, sjenerally three t1at oars. NVhile waitin";

for the cars, all the machines, spare parts, etc., are taken

to the station. When the time has eome to load tiic

machinery, the wheels of each car must he blocked very

carefully, after which .a strong platform is built long

enough to facilitate the loading of the heavy machines.

Too much care cannot be taken in the construction of this

platform, which will have to carry loads varying from

fijOGO to 25,000 lbs.

Excepting the roller, which goes onto the platform

under its own power, the machinery is hauled onto the

car by means of a tackle solidly attached to the car and

to the machinery, the cable being drawn by horses. While
loading the machinery, two men must follow the hind

wheels of each machine with good blocks which they slide

behind the wheels all the time that the machinery is going
up the platform. This precaution has certainly avoided

serious accidents, both to men and to machinery. If the

cable should break when a machine weighing 6,000 or

8,000 lbs. is at the top of the inclined platform, what would
happen if we did not take the necessary means to prevent

its coming down?
^^'ht"n all the parts are loaded, every wheel of all

machines must be bk)cked. Tlie best way is to place good
blocks, solidly nailed on the floor of the car, in front, be-

hind and on each side of the wheels; special care must be

taken in regard to the bin, on account of its great height

and the excess of weight at top.

The same instructions apply to the unloading of the

machinerv.

Installation.—First took over the ground where the

plant is to be placed, choose the driest spot, and see to it

that water is abundant and not too far away. Do not

place the crusher too far from the stone piles, but quite a

distance from buildings in order to prevent danger from
fire and the incon\'enience from the dust and the noise of

the machinery.

To set the machinery in place, we have spruce deals

from 10 ins. to 12 ins. square, which belong to the plant

and are used for supporting the plant. These deals are

much preferable to planks placed on top of each other.

The ground must be levelled, then the deals must be

set down and the portable engine and boiler placed on top

of them. The machinery is all set plumb with a level, and
in a straight line by means of a rope. The wheels must
be blocked. In order to avoid all trouble, it is wise to

see to it frequently that the machines are plumb. When
the machines are out of plumb, this can easily be remedied
by means of wooden wedges.

Care of Boilers.—For the care of the boiler and of the

roller, we give the men special illustrated instructions.

.A.S this is the most important part of the machinery, we
insist upon having these instructions carried out to the

letter, :>nd the results ob'ained since we have inaugurated
this system are surprising, so far as fuel saving and re-

pairs are concerned. It is the instructor's duty to watch
and also to help when the boilers are cleaned each week.
He must aho be familiar with the working of the machines,
he must help to cast babbitt bearings if necessary, help to

tighten the bolts of the boiler, and to block all leaks

through which steam is escaping. While the work is

going on, he must be able to know if the machines are in

good order by the noise they make. He must be familiar

with the working of the pumps, injectors, etc.

The boiler and roller engineers must have a certificate

of competence. They must carry out to the letter written

instructions, given them by the tlepartment, with reference

to the most economical way of heating. (Heating a boiler

full of cold water too quickly would be sure to cause its

early destruction.) They must see to it that they have
sullicient water and that the supply is regular and con-

stant ; they must take care of monometers, test the safety

valves at least once a day, know how to put out the fire

should the water become low in the boiler, ;ind know how
to empty the lx)ilcr properly.

The boiler and engine are always under shelter of a

portable shed, which is large enough to be able to hold

oil, straps, belts, spare parts, etc. This shed is also used

as shelter for the men during showers, but it is required

especially to keep the machines free from the dust coming
from the stone-crusher. This dust would rapidly damage
the bearings and the shafts.

Road Roller.—To keep a roller in good order its boiler

requires more attention than does the portable boiler, be-

cause the roller is always mo\ ing. The driver must especi-

ally look after the tubes of the boiler ; if they leak, he has

a tube expander which enables him to repair them very

f|uickly. He must clean his machine every morning, and
while making steam, clean all the mechanical parts such as

the oilers, the grease cups, etc. ; see that the bolts are

tightened ; see that there is no part worn out, and see that

the exhaust is working well. The exhaust is sometimes
blocked by rust, and trouble results.

The roller drixer must look after the eccentrics,

pistons and packings. When scarifiers are attached, the

instructor must not forget to remove the scrapers from the

wheels. This is very often overlooked, and then the

scrapers are broken. The boiler tubes must be cleaned

every day. A roller should never be placed in the hands
of an inexperienced operator. Speeds should not be

changed roughly, but only when the roller is stopped.

This will prevent the slide of the eccentric from spreading.

Stone=crusher.—.\fter ground has been levelled, deals

are set in exactly the same manner as for the boiler. The
crusher is placed perfectlj' level. Owing to the vibration,

it should be set down solidlv and should be levelled very

often. Under the bottom part of the elevator, a hole must
be dug large enough to facilitate the removal of the stones

which fall out of the buckets. It is preferable to surround

this hole with wood so as to prevent the earth from sliding.

The crusher requires particular attention, especially

so far as oiling and greasing are concerned. The grease

cups must be cleansed with gasoline, as this machine is

always' working in a cloud of dust, which makes the grease

cups and oil-cans dirty very quickly, and prevents the oil

and grease from reaching the bearings. The bearings of

the connecting rod must be well connected with the crank

and must be renewed properly. The department gives

written instructions, with plans and sketches.

\\'hen the crusher is in operation, the instructor must

prevent the men from using sledge-hammers on stones

which are a little too big to go between the jaws. It some-

times happens that bv using these hammers the jaws are

broken. Sometimes the hammer drops in, thus breaking

the jaws or the deals on which the crusher is set.

Elevator, Screen and Bin.—The elevator chain which

holds the buckets must be greased often. If this is

neglected it will wear out quickly and cut the teeth of the

sprockets. The grease cups of the bearings of the revolv-

ing screen must be cleaned and filled with oil every day,

as well as the teeth of the gears. The bin, like the other

machines, must be .set plumb, on deals. The screen sorts

out the different sizes of stone, according to the specifica-

tions. During that time all the stone and dust in the
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screen is mixed like concrete in a concrete mixer. A large

quantity of tine dust is taken up by the wind, and some-

times spoils neighboring properties. To avoid this loss,

a light framework is put over the bin, covered with cotton

or linen.

It is economical to build a large platform close to the

crusher, so as to enable wagons to haul the stone up to the

level of the opening of the crusher. This reduces the cost

of handling.

Sprinkler.—The sprinkler is used for distributing the

water necessary for cementing the stones during the last

operation of the construction of water-bound macadam.
There is a pump attached to the sprinkler, but as this

method of filling takes considerable time, it is preferable

to use an auxiliary gasoline engine with pump and tank.

The tank is placed on a solid frame 6 or 7 feet high,

near the part of the road that is under construction, and
it feeds through a 3-inch pipe and valve. By this system
the sprinkler is filled in a few minutes, there is always

enough water on the road to do good work, and the roHer

is never behind.

.\ plant which is not so organized as to have plenty

of water at all times, does poor and expensive work. If

there is plenty of water and it is close to the machines, it

would be cheaper to take the pump off the sprinkler and
put it on the boiler, and it will then onlv be necessary to

have a tank.

W'e have adopted a new arrangement for that part of

the sprinkler which distributes the water. The old ar-

rangement was too heavy and subject to frequent break-

age, the cost of repairs each time being high. The new
arrangement is much lighter, costs less and does not

break. Iron wheels are replaced bv wooden wheels, which
are much preferable. The gear of the front wheels is

arranged in such manner that it can turn completely

under the sprinkler tank. In this way the sprinkler can
turn in a \ery limited space without destroying the

macadam.

Grader and Drag.—With each plant there is a road

grader which is drawn by horses ; but it is used cheaply

and advantageously when attached to the steam roller. In

rural municipalities it is hard to find teams to give con-

tinuous time to this kind of work. With this machine,

the road can be put in form, the roadbed made, the

shoulders levelled, and, in some places, the ditches cleaned,

much cheaper and quicker than with a shovel or an
ordinary plough, and the work is done much better. It is

necessary to have had experience to be able to use this

machine, and we therefore recommend choosing a good
man and always taking the same man, so as to gi\e him
more experience. The department gives to municipalities

instructions as to how to make earth roads with the

grader, and illustrations showing how to use the split-log

drag, which should be used after the road has been put in

form with the grader.

During the construction ot the Levis-Jackman road,

a split-log drag was used to spread the gravel dumped
from the wagons, and to keep in form the road which was
being rolled. It was also used to advantage in the main-

tenance of the road, which was divided into sections of

4 to 5 miles in length. .A. sectionman was appointed to

look after each se<-tion. When the department deemed it

advisable, after a storm especially, it gave instructions to

the sectionman by telephone, to pass the split-log drag
over the section of which he was in charge. In this

manner the drag was passed over the whole road on the

same day. The superintendent would go over the road in

an automobile, seeintr that everv one was on the iob, etc.

The instructions given by tile department to the section-

men were to pass first on the side, close to the ditch, to

level the shoulder, and on the second turn to pass the drag
towards the centre, so as to bring the loose gravel on the

road towards the centre. This makes the surface of the

road very even, fills in small ruts and holes, and facilitates

drainage in rainy weather. The ruts made by the wheels

and the tracks made by the horses are scraped off, so that

the teams do not always pass in the same place. Thus
the wear of tin- road is more e\ enly divided.

Generallv a gravel road, well-rolled and cemented, is

so hard that it is impossible for the drag to give it a crown
when it has been broken up. In that case, the grader

must be used early in the spring ; that is, as the earth

begins to thaw, and before il hardens. Despite the rolling,

certain qualities of griuel take a long time to bind. In

this case, the use of the drag is necessary, so as to keep

the crown of the road until it is completely cemented. The
sectionman must carry a shovel, and if he discovers a rut

or a hole which the drag cannot fill, he can use his shovel

to fill it. During the years 1914 and 1915, split-log drags

were used for the maintenance of the Levis-Jackman road.

One man, with two horses w/eighing 1,300 lbs. each, can

scrape in one day a section 4^4 to 5 miles long.

The department has distributed to municipalities an

illustrated circular showing how to use the split-log drag.

On the road leading to Valcartier, at the request of

the Federal Government late in 1914, the department took
charge of the maintenance over a length of nearly 5 miles.

The soil was sandv and of the hardest variety for an earth

road, .-\fter having put the road in form with the grader,

it was kept in good order by using the split-log drag,

although there was a heavy traffic of automobiles, trucks

and other vehicles. All the heavy artillery passed over
this road. I passed a few minutes after some of the big

guns. The heavy loads were pulled at a gallop, yet the

road was not in very bad condition ; there were at the most
five or six ruts, (ieneraily it is thought that when the

drag has gone over the road once, that it has been repaired

for the whole season. This is a serious error, because, in

order to obtain the best results, the drag must be used
often, especially when the weather conditions are most
favorable ; that is, after a rain, not when the earth is all

wet and muddy, but just as it begins to dry and before it

becomes hard.

Experience teaches us that an earth road maintained

by a split-log drag will not reach its maximum of perfec-

tion imtil after three years. The split-log drag was first

used in 1853.

Pick Plow.—The plant has also a pick plow, which is

used to tear up old macadam or to break up the ground.

In a paper entitled ''Top Contact Unprotected Conductor
Rail for 600-volt Traction Systems,"' Mr. Charles H. Jones
says : The conductivity of the rail will vary inversely with the

percentage of carbon or manganese allowed to remain in it.

The ordinary run of Bessemer rail has a conductivity of

about one-tenth that of copper, while a rail with a low per-

centage of carbon has a conductivity one-eighth that of cop-

per representing an increase of about 25 per cent, in con-

ductivity. The price increases from 18 per cent, to 20 per
cent. Increasing the conductivity makes the rail consider-

ably softer, thus requiring more careful handling to prevent

it from being kinked during installation. There is no appre-

ciable difference in the rate of wear between the low carbon
and ordinary steel in the class of service referred to in this

paper. Nothing is to be gained by using a rail weighing less

than So lb. .Above 80 lb. the question requires careful con-

sideration, since the gain in conductivity will cost almost as

much as equivalent conductivity obtained by adding to the

copper in the feeding system paralleling the rail.

»v
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SEWACii: DISPOSAL |{^ illi; ACTIVATED SLUDGE
PROCESS."

By T. Chalkley Hatton. .M.Am.Soc.C.E.,
Chiul KiiKineer, Milxvaukec Seweriijrc Commission.

Ar the May mcciint; in 1914 of the Manchester Section
111' the Society "I" Chemical Industry of Cireat

L Kritain, Messrs. .\rclern and Lockett published the

(irst notice that a new process of sewage treatment
.

was being; developed by them with great promise of

success. They termed it "M 7." Shortly after the paper

was published the proiess was mentioned in England as

the "live earth" process, but when it reached America it

was given the name of "activated sludge," as representa-

tive of the usual .American expressiveness.

Professor Phelps, of the Massachusetts Institute of

Technology, and Col. Black, of the U.S. .\rmy, had been
making, about this time, some very interesting experi-

ments on enforced aeration in connection with their studies

of the sewage disposal problem for the City of New York,
the results of which indicated that enforced aeration might
be used with advantage to remove the major portion of

the suspended solids from the New York sewage and thus
secure sufficient clarification to discharge the effluent into

the harbor without appreciable nuisance.

In fact, for a great many years investigators from
tim? to time have been experimenting with sewage treat-

ment by means of enforced or natural aeration, and with
more or less success. The modern percolating or
sprinkling filter is but a form of enforced aeration by which
the oxidation of the organic matters contained in the

sewage is accelerated, and the nitrifying organisms are
given that excess oxygen necessary for performing their

best work.

But until the development of the "activated sludge"
process the virtue in the sludge itself w-as never recog-
nized. In all other processes the aim has been to

separate the suspended matters as quickly as possible from
the sewage, reduce them to the form of sludge, and then
get rid of the sludge without bringing the two into further

contact.

Plain sedimentation, chemical precipitation, septic

process and the ImhofT tank fermentation process are all

based upon a complete separation, so far as possible, of

the solids from the sewage and within the shortest time.

On the other hand, the activated sludge process aims to
keep the sludge in the most intimate contact with the
sewage throughout the whole period of treatment up to
the point of final sedimentation ; most of the purification

having been effected when the process reaches this point.

Every sewage treatment investigator knew that fresh

sludge contained myriads of reducing and nitrifying

bacteria, but it remained for Dr. Fowler to discover the
art of making those bacteria contained in the sludge pro-
duced from one day's sewage to separate from and turn
into willing co-workers the bacteria contained in the next
day's sewage, thus separating from the sewage itself the
very medium which nature has provided for its ultimate
purification and intensifying the numbers and work of
such media, so that the purification may be accomplished
in the shortest time.

Knowing, as we now do, that all organic matter is

finally reduced to some form of mineral matter through
decomposition, and thai this decomposition is accom-

*Extracts from a paper read before the Fifth .-Xnnual Meet-
insr of the Ontario Health Officers' .Association, Mav 31st,
1016.

plishecl by micro-organisms ol many kinds pro\ ided by
nature for the ultimate protection- of mankind, it seems
quite logical to use artificial means to create and multiply
such micro-organisms to the fullest extent to reduce as

quickly as possible the filthy organic matter produced by
the human body. Now, this is just what the a(li\ated

sludge process aims to do.

\\'ith a sewage containing, say, one million bacteria

per cubic centimeter it will produce sterility, if carried out

to its ultimate possibilities, and these bacteria, so
separated, will become attached to the flocculent sludge,

every particle of which is in intimate conta<-t with the

sewage as it passes through the aerating tanks, until it

contains from 15 to 20 millions bacteria per cubic centi-

meter, and when the sludge reaches this activated con-

dition good purification is bound to result.

Let us stop here just a moment to consider the

character of those bacteria which, it is believed, perform
the major part of the purification. There are at least three

classes of bacteria which are known to be highly elficient

in reducing organic matter if given their natural enxiron-

ments : anaerobic, aerobic and fa<-ultative. The first

exists and works in the absence of oxygen. The second,

to do its best work, must have a plentiful supply of

oxygen, while the third partakes of the nature of both of

the others and can work either with or without oxygen.

Plain sedimentation, chemical precipitation, septic

and Imhoff tank processes use the anaerobic and faculta-

tive bacteria which reduce the organic matters by fer-

mentation processes, and thus produce odors to a greater

or less extent.

Percolating or sprinkling filters, sand filters, contact

beds, land treatment and activated sludge process use the

aerobic and facultative aerobic bacteria and thus produce

no odors. Those of you who have smelled the odors from
a sprinkling filter are likely to doubt this statement, but

consider that the influent fed to the modern sprinkling

filter has first passed through an anaerobic process of

some kind which has started fermentation which must be

overcome before the aerobic bacteria can reduce or dis-

solve the odors.

Therefore, in the modern sprinkling system, the two
processes of sedimentation and aeration are diametrically

opposed to each other, and therefore the highest efficiency

cannot be expected.

The activated sludge process consists of surrounding

the aerobic and facultative aerobic bacteria with those

natural environments which produce an intensified creative

and working power, and it is the onlv process, except land

treatment, producing a similar effluent wherein the sewage
is given but one treatment.

The raw, coarse, screened sewage is run into and

through a tank which contains a certain quantity of acti-

vated sludge. During its passage this sludge is intimately

mixed with the sewage bv means of air in the form of

small bubbles forced through the mixture.

A small portion of this air is consumed by the mixture

of sludge and sewage, but the major portion passes off

unused except for its mechanical power. It is believed

that the colloids contained in the sewage are largely re-

moved by the scrubbing action due to the violent dis-

turbance of the liquid, and are absorbed by the activated

sludge. Whether this is or is not the manner in which

the colloids are removed it is true that the process pro-

duces a sparkling effluent long before nitrification occurs.

.After the sewage has been in intimate contact with

the activated sludge for a certain period (depending en-

tirely upon the character of effluent required), it passes

I
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into a final sedimentation tank, carryinif with it such por-

tion of the sludge as may be mixed with it.

Owing to the flocculent nature of this sludge most of

it settles very rapidly to the lx)ttom of this tank from

which the clarified liquor passes to its ultimate point of

disposal. That portion of the sludge which settles in the

sedimentation tank is highly activated, and in order to

keep the aerating tanks constantly supplied with the

proper proportion of activated sludge, some of it must be

returned to the raw sewage as it enters the aerating

tanks, the balance must be removed at frequent intervals

in order to maintain the proper sedimentation area in the

tank and to prevent septic action which occurs if sludge

of this character is subjected to anaerobic influences, as it

would be in the bottom of a deep tank.

One of the primary features of this process is that it

is susceptible of producing an-\- standard of effluent re-

quired to meet the local conditions, and its first operating
costs are almost directly proportional to the degree of

purification demanded. The three principal items which
affect the degree of purification and the cost are volume
of air, period of aeration and volume of activated sludge

required in the mixture. The greater the volume of air

per gallon of sewage treated tiie greater the fuel cost. The
longer the period of aeration and the greater the volume
of activated sludge required in the aeration chamber, the

greater the size of the tanks and their first cost.

One of the most comprehensive statements of the

results obtained by variation in volume of air mixed with

the sewage is that published by Mr. E. E. Sands, city

engineer, in his report of his experiments conducted for

the city of Houston, Texas, issued February i, 1916, and
from which the following table is extracted in brief:—

Table I.

Table Extracted from Page n of Mr. E. E. Sands' Report on
Sewage Disposal for the City of Houston, Tex.

Crude
Item. sewag-e, Percentage of removal in

parts per i hr. 2 hrs. 3 hrs. 4 hrs.

million.

Total organic nitrogen .... 5.5 64 65 66 67
Free ammonia 6.32 60 82 go y5
Dissolved oxygen consumed 103 97 gS gS 98
Suspended matters 253 98 98 98 98
Nitrites and nitrates Trace 4 8 10 11

Bacteria at 20° C. per c.c. .. 2,800,000 93.7 95.8 95.8 gs.S

These results are averages from a large number of

samples. The aerating tanks contained from 20 per cent,

to 30 per cent, of activated sludge, and the mixture of

sewage and sludge was treated with 0.437 cubic feet of

free air per hour per gallon of sewage.
Diagnosing this statement it can be plainly dis-

tinguished that in ^^r. Sands' experiments the clarificition

and bug removal were effected in the first hour with less

than one-half cubic foot of free air per gallon of sewage
treated ; but it required four hours to reduce the free

ammonia to nitrates. In other words, if a clear effluent

with few bugs fit the local conditions one hour's aeration

is all that is required, whereas if a stable effluent is de-

manded, four hours' aeration must be given.

F"rom this statement it must not be concluded that in

order to swure the results shown in Mr. Sands' statement

for the first hour all that is necessary is to furnish 0.437
cubic feet of free air and aerate the sewage one hour,

because this small volume of air and short period of

aeration would soon impoverish the activated sludge which
requires much more air than the raw sewage if the process

is to be uniformlv maintained.

While Mr. Sands makes no statement of this fact in

his report, he has made provision for this in the large plant

whiili he has recently designed for treating the sewage of

the city of Houston by the activated sludge process

wherein he provides for an average aeration period of one
hour and fifty minutes for the sewage and four hours and
thirty minutes for the sludge.

The investigations in Milwaukee upon the changes

occurring in the sewage during the process gave some-

what similar results to those secured at Houston, although

they were not as rapid.

The following table shows the average results

obtained :

—

Table U.
Statement of Certain characteristics of Activated Sludge

Process as Observed at IVIilwaukee, Wis.
Ci ude

Item. sewage, Characteristic changes in

parts per i hr. 2 hrs. 3 hrs. 4 hrs. 5 hrs.

million.

Free ammonia .. 20.3 14.9 13.2 ii.i 9.3 7.4
Nitrites 0.12 0.25 0.84 1.25 1.37 1.56

Nitrates 0.09 o.6g 1.24 3. 28 5.71 7.90

Dissolved oxygen 0.03 0.51 2.30 4- '4 5-56 5.70

Stability in hours 0.0 9.4 45 120 120+ 120+
Bacteria at 20° C.

l)er rr 466,000 71,800 27,000 11,800 6,8o<::) 2,900

The aerating tanks contained from 20% to 30% of acti-

nteri sludge. The sewage was treated with 0.375 cu. feet of

free air per hour per gallon of sewage.

.\ttention is particularly called to two or three things

appearing in Table II., viz.:—
The progressive steps required to convert the free

ammonia into nitrites and finally into nitrates. How little

is accomplished the first and second hours, and how much
during the third, fourth and fifth hours. Following this

characteristic is tlie rapid increase in dissolved oxygen and

the stability of the liquor, indicating pretty clearly that if

a stable effluent is required good nitrification must be

established.

The greatest effect upon bacterial removal occurs

during the first hour. This is doubtless due to two things :

the rapid digestion powers of the organisms in the acti-

vated sludge, and the flocculent character of the sludge to

which these bacteria naturally adhere, just as they do in

the floe produced by chemical precipitation.

The amount of activated sludge mixed with the raw
sewage as it is being aerated aft'ects the degree of purifica-

tion to an important extent. To obtain an equal standard

of effluent, if the sludge volume is reduced the volume of

air must be correspondingly increased and the period of

aeration. The Milwaukee experiments indicate that a

clear and stable effluent can be obtained from the Milwau-

kee sewage by mixing from 20 to 25 per cent, of activated

sludge for four hours with about 1.75 cubic feet of free

air per gallon of sewage treated.

.\s the sludge is precipitated to the bottom of the

sedimentation tank it contains approximately gS to 99 per

cent, water ; therefore, to get a mixture of 25 per cent, of

sludge back into the aerating chamber a volume equal to

about 40 per cent, of the raw sewage must be returned
;

that is, the mixture of sewage and sludge passing through

the aerating chamber will approximate 140 per cent, of the

raw sewage being treated. This fact must not be lost

sight of in determining the size of the aerating chambers
in allowing for a certain period of detention.

In order to determine the percentage of sludge in the

aerating chamber the Milwaukee practice has been to fill

a calibrated tube with the mixture, and at the end of one-

half hour determine by volume the percentage of sludge

settled.

One of the important features of this process is the

proper design of the sedimentation tanks. The sludge is
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qiiilo dilTcnnl in charaoler to lli.u pn)(lu> iii Iruni any

other sewage treatment process. II allowed to come to

rest in a test tube or bottle 95 per cent, will settle out in

live minutes, but there is a very tine floe of a low specific

sjravilv which remains in suspension for a much longer

period, and if disturbed by the slightest current will con-

tinue in suspension.

This fine floe, with much of the coarser light floe, Will

remain in suspension in a properly designed tank in the

form of a sludge blanket which can be maintained with its

surface within six inches to one foot below the surface of

the liquor in the tank. If the influent is discharged into

the tank a few feet below the surface of this blanket so as

to produce an upward velocity of not over 12 to 16 feet

per hour the fine floe will be caught and retained by the

blanket and prevented from passing out with the effluent.

It is therefore believed that the vertical upward flow-

sedimentation tanks producing slow velocities with ample

capacity for precipitated sludge are far more applicable

for satisfactory operation than horizontal flow tanks, and

that the sludge blanket above referred to is essential if

clear effluent is desired.

In ^[ilwaukee maiiv experiments have been made to

determine the best apparatus and method for diffusing the

air through the mixture of raw sewage and sludge. So

far the "filtros" plate as manufactured by the General

Filtration Company, of Rochester, New York, appears

to be the best media, but we believe this can be greatly

improved. As now manufactured, the uniformity of

porositv is not satisfactory and the loss in friction of the

air passing through the plate is too great. This company

is now carrying out a line of experiments to correct these

difficulties.

We have been experimenting recently with a wooden

block cut across grain from basswood which appears to

give some promise. There is no doubt, however, as the

demand for a satisfactory diffuser grows greater such a

one will be produced.

Some experimenters suggest a perforated pipe for

dift'using the air. We have tried that experiment pretty

thoroughly, and while very satisfactory results were ob-

tained, it required much more air and longer period of

aeration to secure the same amount of nitrification. If

the filtros plate, or other type of diffuser is likely to cause

serious trouble to maintain, it may be less expensive to

use the perforated pipe even though more air is required.

Manv queries have been received as to whether these

diffusers become stopped up by the dust carried in the air

or by absorption of the sludge. In answer to this it might

be said that, after nine months continuous use in Mil-

waukee w-e find no evidence of such stoppage, although

all the air supplied to the diffusers passes through a wood
wool filter, and the blower producing the air is so de-

signed that no lubricating oil can reach the air discharge

pipe.

One of the difficulties we have found should be men-

tioned. The heavier sludge, composed of wastes, small

pieces of leather, hair and entrails from the packing houses

accumulate in masses and settle upon the surface of the

diffusers until the air builds up enough to partially remove

them. This has required the removal of these large

masses by hand at infrequent intervals. It is a matter

which must be considered in operating this process, and

to overcome the dilTiculty it may prove desirable to pass

the raw sew-age through medium fine screens, although

fine screens are to be avoided if possible.

In an American industrial city those employed in

machine siiops seem to be verv profligate with waste.

This appears lo be |)anicularly Irue in Milwaukee where,
from one intercepting sewer, there has been removed from
the coarse bar screens, during five hours a bushel basket

half-full of waste. This material has been one of the most
troublesome to deal with in all processes of sewage treat-

ment. .\n educational campaign amongst the shops might
partially correct the dilliculty.

Whether this heavy sludge which now remains near

the bottom of the aerating tanks can be more effectually

lifted and mixed with the whole body of the sewage by
inserting vertical cross baffles in the tanks is a matter now
being investigated. It may be such baffles will play a

quite important part in more thoroughly mixing the sludge

and sewage by the expenditure of less air. The funda-

mental principle of the aerating tank is thorough mixing
and practical means of accomplishing this result will add
to the efficiency of the tank.

The sludge disposal problem has been the most diffi-

cult one to solve in all modern sewage treatment pl.ints,

rmd it was a specially hard one for .Milwaukee until the

activated sludge process was developed, because there is

absolutely no w-aste ground in or around the city upon
which sludge could be deposited, and while, for a few
\ears perhaps, it might he dumped into the lake several

miles from shore, it is to be devoutly hoped that the

Federal Go\ernment will shortly prohibit this method of

sludge disposal in all fresh water under its jurisdiction.

One only has to inspect a few of the more modern
sewage disposal plants in England to realize what a

problem the disposal of sludge is bound to become if we
must depend upon wasting it. Fresh or dried sewage
sludge is not a thing of beauty under the most favorable

conditions, and it does give off more or less unpleasant

odors. Xo one desires it upon or nearby his property, and

unfortunately it keeps producing every day in the year

until its disposal becomes a nightmare to those responsible

for its disposition.

So far, sludges produced from plain sedimentation,

chemical precipitation, septic and Imhoff tanks have con-

tained so little ammonia, phosphoric acid, and potash,

that their value as a fertilizer is too small to warrant the

cost of reduction, although it is true that during the favor-

able seasons of the year farmers can be induced to take

some sludges as tankage, but, on the whole, such disposi-

tion cannot be relied upon and so far no profit worth noting

has been made from it either in Europe or America.

It is believed by us in Milwaukee that this new pro-

cess has solved the sludge disposal problem advantage-

ously even to the smaller cities. During our experiments

a large number of sludge analyses have been made, not

onlv bv our own chemists, but by those in the fertilizer

departments of the Chicago Packing Companies, and these

have all shown a high value available as a fertilizer. The
follow-ing is a representative analysis with the commercial

values set forth as given by those in the employ of the

fertilizer producers :

—

Analysis of Activated Sludge, Milwaukee.

% dry Pounds \"alue Total

Ingredients. basis, per ton. per ton. value.

Fats 2. CM 40.0 S .04 S i.iio

A\ailable phos. acid i.TiG 33.2 .005 .17

Insol. phos. acid ... 0.54 10.8 ....

Total phos. acid .... 2.20 44.0 ....

Nitrogen 5.71 114.2
'

....

.Vmmonia 11.94 i3''>-8 10

Potash 0.43 S.fi .03

13.88

.20

S13.91
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The apparent value of Ihis sludge is Si 5.91, but tiie

writer believes from the information secured from the

fertilizer producers, the only real value to the city of

Milwaukee will be the available ammonia, upon the basis

of which the dried sludge will be sold. This amounts to

S13..S8, but because of the probable variation in the am-

monia content, and in order to be conservative, he has

estimated an average value of $12 per dry ton.

Where sludges contain less than 10 per cent, ot fat

its value hardly pays for the cost of extraction, and such

a quantity does not injure the sludge for a fertilizer.

The Milwaukee sewage produces from 3,000 to 5,000

gallons of sludge per million gallons of sewage treated,

and when removed from the sedimentation tanks contains

from 97 per cent, to gg per cent, of water. .Vbout one-half

a ton of dried sludge is produced from this volume of

sludge or one-half ton of marketable fertilizer per million

gallons of sewage treated. It is, therefore, believed the

.sludge can be sold for S6 per million gallons of sewage
treated.

At the present time we are experimenting with a

Berrigan press manufactured by H. R. W'orthington, of

Harrison, Xew^Jersev, and find no diJTicultv in dewatering

this sludge to 74 per cent, moisture. Mr. W'inthrop R.

Pratt at Cleveland is also experimenting' with a centri-

fuging machine of the laundry type, and so far appears to

be securing promising results. In neither case has it been

found necessary to use lime, or other substance, in press-

ing this sludge to an one-inch thick cake.

While its further dewatering' through direct or in-

direct driers has not been tried out by us, there seems to

be no doubt from the daily experience of the Chicago
packing houses in the drying of their tankage and liquid

manure that this sludge can be quite as easily and eco-

nomically dewatered to 10 per cent, basis, which is the

moisture content allowable in fertilizer. In fact there are

several driers in use in many industrial establishments

which are satisfactorily operating on a similar material,

and the writer has secured from some of the manu-
facturers of driers guarantees which cover the cost of

drying the sludge we are producing from So per cent, to

10 per cent, moisture, exclusi\'e of handling.

While we have not completed our dewatering experi-

ments we have secured sufficient information to warrant

us in believing that S6 per dry ton will co\er the cost of

dewatering and shipping the material to Chicago, includ-

ing overhead charges.

Estimating the average value of the marketable sludge

to be $12 per ton, there will be a profit of approximately

$3 per million gallons of sewage treated.

I appreciate that these are estimates only, and the

public will look upon them as such, and while we in Mil-

waukee are much concerned in getting all the profit

possible from the sludge, we are primarily more concerned

in finally disposing of the sludge without nuisance, even

though no profit is realized.

That the sludge is valuable as a fertilizer has been

physically proven by Dr. Edward Bartow, Director of

Illinois State Water Survey, in his laboratory at the State

Universitv, where he made several pot cultures of wheat

and garden vegetables according to the standard method

employed by the United States .Agricultural Department.

The writer has gone into the sludge question in con-

siderable detail because of the doubt expressed by so many
interested parties "that the sludge can be successfully dis-

posed of. There is great reason for this doubt, because

in no other artificial process of sewage disposal has it

been possible to dispose of the sludge without expense
and growing nuisance.

Two of the important features which appeal not only

to the engineer, Iiut to the average layman are the low
first cost of installing the activated sludge process and
the high standard effluent procurable.

So far as the writer knows, the only artificial process

wliich produces an effluent at all comparable with the

activated sludge process is sedimentation, followed by
percolating filters and final sedimentation with sterilization.

The first cost of the acti\ated sludge process is practi-

cally the same as the first cost of sedimentation tanks of

the Imhoff type of like capacity. The cost of the per-

colating filters, final sedimentation and sterilizing equip-

ment must be added. This cost is approximately 814,000
per million gallons of sewage treated. This adds largely

to the overhead charges. In addition to this the cost ol

sterilization must be considered. We have found in Mil-

waukee that it costs $2.50 per million gallons to steriliz;

the effluent from an 8-foot deep sprinkling filter to the

same standard of bug removal as secured by the activ'atcd

sludge process.

The activated sludge process requires one acre to

treat ten million gallons, whereas the sprinkling filter pro-

cess requires five times as much. Available lands in or
' near a city' are expensive, and this additional cost must be

considered.

ULTRA=VIOLET RAY STERILIZER IN CANADIAN
BOTTLING PLANT.

Probablv the first non-portable ultra-violet ray water
sterilizing outfit installed in Canada was at the York
Spring's bottling plant, near Toronto.

The water supplv is obtained from five springs at

^'ork Mills. These springs are within a few hundred feet

of each other, and the water flows by gravity to the

bottling plant, which is built in a hollow or ravine. They
have a capacity of 14,000 gallons per 24 hours. The water
flows into a concrete cistern, from which it is pumped to

the first upper storv of the plant. There it is filtered,

under pressure, through three small filters of about 1,000

gallons per hour total capacity. From the filters the water

passes to two slate tanks which act as reservoirs. From
these tanks it flows by gravity through an E2 type R.U.\'.

special casting, and is sterilized by a single lamp, which
operates on a 230-volt d.c. line, 2.2 amperes.

The sterilizer has a capacity of about 1,000 gallons

an hour, but is operated at only 700 gallons per hour.

From the sterilizer the water passes by gravity direct to

the bottling, aerating and flavoring machines. Daily

samples for bacteria count are taken from the pipe line

just ahead of and just after the sterilizer, to check its

operation, although the management state that this pre-

caution has not proven necessary to date, as the water has

shown a low bacteria count with no pathogenic organisms,
even before sterilization. The sterilizer was deemed ad-

visable, however, as an extra safeguard.

^^r. P. A. Boeck, in a paper before the Chicago Section
of the .American Society of Mechanical Engineers, suggest-
ed that since heat was a form of energy consisting of mole-
cular vibration of a pei iodic character, the introduction in

a furnace wall of bricks of different density would help to

br<;ak up or change the wave length. Layers of insulating

powder may also be used, or air spaces ; but care should be
e.\ercised in this application of the last-named, as large voids

have the effect of propagating heat by convection and
radiation.
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\vinniim:g RIVHR POWHR AND
INVESTIGATIONS."

STOKAGK

Reviewed by INlr. T. H. Mojtjs.

Assistant Hydraulic Knjrincci, Ontario llydro-Llcctric

Power Commission.

Till-: report on tiie Winnipeg River Power and

Storage ln\estigations, published ;is Water Re-

sources Paper No. 3 by the Uominion Water Power

Branch in connection with its administration of the

water powers of Manitoba, .\Iberta, Saskatchewan and the

.Xorthwesl Territories, will be received with interest by

both the engineering profession and the public in general.

The hydro-electric development installed by the city

of Winnipeg a few years ago directed attention in a

measure towards the power resources of the Winnipeg

River. This, together with the publicity given the pro-

posed development of the ^^'in^ipeg Street Railway at

(ireat Falls, has focused a good deal of attention on the

potential possibilities of the river.

The report has been prepared by Mr. J. T. Johnston,

chief hydraulic engineer of the Dominion Water Power

Branch, acting under the direction of Mr. J. B. Challies,

superintendent. It covers investigations carried on since

iQii bv the Branch, on the power possibilities of the

\\'innipeg River in Manitoba, undertaken with a view to

devising a consistent scheme of water power development,

and to allow the drafting of a general policy under which

such a scheme might be c-arried out. Mr. J. R. Freeman,

of Providence, R.I., and Mr. J. B. McRae, of Ottawa,

advised on the organization and scope of the surveys, the

latter being retained to act as consulting engineer through-

out the full period of field and office investigations.

The report comprises two volumes—Volume I. of

about 370 pages, containing the text, and Volume II. the

topographic field plans. The text begins with a summary
of the investigations, followed by a description of the

Winnipeg River watershed and the field investigations

covered. Following a discussion of meteorological and

run-off phenomena is a critical analysis covering the

possible means of obtaining, by storage, the flow required

for the ultimate development of the total power possibili-

ties of the river. A full chapter is devoted to a description

of the existing power and industrial plants. Following

this, each of the possible power concentrations are de-

scribed in detail, giving costs. To compare the cost of

power obtained from coal, gas and oil, with hydro-electric

power, estimates are given for the cost of fuel jxiwer in

Winnipeg and the cost of hydro-electric power developed

at one of the sites and transmitted to the city.

A section is devoted to a discussion of the present and

future market for power in Manitoba, and the report closes

with an analysis of the influence of the Lake of the Woods
and the possible storage there, on the power concentra-

tions as outlined in the report. This discussion is of par-

ticular interest in connection with the International Joint

Commission reference to the Lake of the Woods levels.

Seven appendices are included, covering the report

of Mr. J. R. M<Rae, the consulting engineer; the pro-

posed development of the \\'innipeg River Power Com-
I^any ; a report on the geology of the Winnipeg River

watershed by Chas. Camsell ; the Dominion water power
regulations ; list of bench marks: temperature precipita-

tion and evaporation tables, and run-off tables.

*\Vater Resources Paper \o. 3 of the Dominion Water
Power Branrh. Ottawa.

The nporl seeks to (lenioiistrale as tlie princi|)al result

of the study undertaken, that a minimum flow of 20,000

cubic feet per second is t)blainaijle at all seasons, with an

elficient and systematic control of the run-off, and that it

is possible to concentrate practically the total lall of the

river in Manitoba at seven power sites, with a minimum
output of 175,000 continuous J4-hour power under present

conditions of flow, and of 313,000 horse-power with the

total ri\er regulation installed. .\ total ultimate capacity

of 420,000 continuous horse-power would thus be avail-

able, with the existing plants. It can only be determined

by long-term observations of flow, and under operating

conditions, whether these figures for the ultimate develop-

ments are optimistic, and as to the necessity, if such total

developments are installed,^ of supplementing therm by

steam or oil auxiliaries, in a succession of years of low

flow.

To Manitoba, one of the finest agricultural districts

on the continent, but practically without fuel resources,

the above facts are of vital importance. At no distant

date the full economic developed capacity of the Winnipeg
River will be required. The <-entre of gravity of the power
supply is less than 65 miles from the city of Winnipeg and

within easy transmission distance of the larger demand
centres of the province.

Estimates of cost at each possible site have been pre-

pared in detail. These costs, which have been made up
on the basis of low-tension power at the power house

switchboard, should prove most attractive, both from the

viewpoint of the capitalist looking for investment, and
from that of the consumer who desires cheap power. The
average capital cost of the total final output of the seven

power concentrations is S42.80 per horse-power, based on

machinery installed, with an annual cost per horse-power

of from $4.50 to S5.50 per horse-power-year. The capacity

of installed machinery is based on 50 per cent, excess o\er

the continuous capacity of the sites, at 75 per cent, overall

efficiency. These estirnates show careful preparation and
appear to be conservative, the large capacities involved

and the geological and topographical features of the power
sites being responsible in a large measure for the extremely

low costs. Xo charge is included for the operation of the

necessary storage dams of the ultimate developments, and

the power rentals to the government are omitted.

The value of the data collected and presented in this

report need not be emphasized to the engineer. Too many
failures exist as monuments to the lack of sufficient in-

formation necessary for adequate design. The acceptance

of a unified power development scheme for the whole
river, and the establishment of the necessary authority for

the supervisory control preparatory to development of a

particular site, is the only wav in which the full measure
of the power resources of the Winnipeg River may be

realized.

The necessary storage for the ultimate developments
must be secured on the headwaters of the river in the

Province of Ontario. Necessarily, as the report suggests,

some independent government board, such as joint con-

trol by the Hvdro-Electric Power Commission of Ontario

and the Dominion Water Power Branch, must exercise

supervision. Independent control will be necessary also

for the regulation of local pondage, as control by conflict-

ing and independent interests located at any of the various

power sites would almost certainlv jeopardize the efficient

<iperation of the plants below.

At all power sites, provision has been made for the

future installation of locks, if it is deemed advisable to

canalize the river. The feasibility of canalization arises

from the fact that slack water will exist practically from
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Lake \\ innipeg to the Manitoba-Ontario Ixnnidary, when
the full potentialit_v of the river has been developed. The
navigation features have been fully worked out for the

total distance, and have been approved by the engineers
of the Dominion Department of Public Works.

One necessary and vital factor for the success of such

a scheme of development as outlined, is that the regula-

tions under which the leases are granted are fair and gen-
erous to the investor and at the same time protect the

public. Lack of space forbids a discussion of the regula-

tions governing the granting of leases ; it is sufficient to

say that these are eminently fair and should induce capital

to invest with guarantees of just treatment on the part of

the government.

No review of this volume would I)e complete without
a reference to the policy of the W'ater Power Branch as

outlined in the report. The policy is "to encourage de-

sirable development of water power resources; to dis-

courage and prevent the initiation and development of

imeconomic and wasteful projects ; to ensure that river

systems are developed along comprehensi\e lines wherein
each unit is a component link in a system ; to ensure

adequate storage measures in the interests of all powers
affected; to prevent imnecessary and costly duplication

of expenditures on the part of competing plants and dams
;

to safeguard the public from monopolistic control, by
regulation and periodical revision of rates ; to see to the

early carrying into effect of agreements issued bv the de-

partment for the development of power; to compel the

de\'elopment of existing plants to their limit when the

market demands ; and to promote in every way the fullest

conservation of the power resources of the ^\'est."

The investigations, as outlined in this report, are

among the first of their kind to be made by the Dominion
Government. The manner of their presentation leaves

nothing to be desired ; the thorough wav in which the field

data were obtained, and the concise and interesting

manner in which the results are presented are in most
refreshing contrast to the ordinary stereotyped depart-

mental report.

To summarize, a comprehensive scheme of water
power development to the maximum extent of the unusual
power possibilities of the ^^"innipeg Ri\er has been map-
ped out, and a general policy for the proper control of the

same is enunciated, bv which the needs of the future can

be met, through increased storage and the regulation of

run-off. The report reflects great credit on the superin-

tendent and hydraulic engineer of the Dominion W'ater

Power Branch, their officials, and flie consulting engineer,

Mr. McRae.

It is understood that the present studies will be

aggressively continued, since proper future control of the

water resources of the river are dependent on continuous

hydrographic and meteorological data, on accurate know-
ledge of storage requirements and possibilities, and upon
the compilation of such miscellaneous information as is

necessary for proper and economical design.

Companies interested in obtaining accurate informa-

tion preparatory to financing an individual development
on the river will undoubtedly find the greatest use for the

report. For the preliminarv purposes of finance the infor-

mation presented is quite sufficient to determine the

feasibility of any of the sites for the needs of the interested

parties. It should save the usually unavoidable expense
of reconnaisance and preliminary survey, often a serious

item, and will allow an accurate forecast without loss of

time. Should conditions suggest the possible use of sites

other than those shown, sufficient information is given in

the shape of topographic plans and hydrographic data, to
allow the engineer to prepare his own estimates, thus
entailing a great saving of expense and time.

l""rom this standpoint alone, the report is amply justi-

fied. The result of its publication will doubtless be the
• icceleration of water power installations on the river, and
the consequent development of manufacturing industries
which always follows in the wake of cheap power.

Note—We hope to publish very shortly in these
columns further articles dealing with the general ad-
ministrative policy of the Dominion Government with
respect to water power administration, with especial

reference to the investigations on the Winnipeg River,
also dealing with the more technical and engineering
features as brought out by the report just issued by the
Dominion Water Powers Branch, herein reviewed by Mr.
Hogg.

—

[Editor.]

STANDARD SPECIFICATION FOR CEMENT.

-A. revised standard specification for Portland cement
has been issued by the Canadian Society of Civil Engineers.

This specification was adopted by the society at its last

annual meeting, the specifi<-ation having been prepared
and recommended by a committee consisting of E. Brown
(chairman), J. A. DeCew, Walter J. Francis, P. Gillespie,

J. A. Jamieson and G. E. Perley.

The specification requiies cement to be delivered in

hags each containing 94 lbs. net weight, four bags to con-
stitute a barrel. The bags are to be plainlv marked with

the net weight of the cement and the name of the manu-
facturer and the brand of the cement or the name of the

mill where It was inanufactured.

All tests are to be made in accordance with the

American Society of Civil Engineers' report on uniform
tests of cement. Detailed instructions for testing cement
are appended to the specification.

The required minimum specific gravity is 3.10. The
cement must not lea\e a residue of more than 8 per cent,

by w eight on a No. 100 sieve, nor more than 25 per cent,

by weight on a No. 200 sieve. The cement shall not
develop initial set in less than 30 minutes or final set in

less than one hour or in more than ten hours. The cement
must not contain more than 1.75 per cent. SO,, nor more
than 4 per <-ent. MgO. The minimum required tensile

strengths of briquettes of various ages are tabulated for

ready reference.

Copies of the specification are sold at a nominal fee

by the society, 176 Mansfield Street, Montreal.

The supply of creosote, because of its use in preserving
sleepers, telegraph poles, and other timber employed in rail-

way purposes, is a matter that appertains to railways. It

will, therefore, be of interest to know that, according to

statistics published by the Bureau of Foreign and Domestic
Commerce, the amount of creosote imported into the United
States fell from 48,830,020 gallons in igi4 to 34,432,028
gallons in igi5, a decrease of 34 per cent. Owing to the
average value per gallon having increased from 6.2 cents
to 7.8 cents the imports only decreased 11 per cent, in

value. In 1Q14 33.873,137 gallons came from the United
Kingdom, g,S6i,i)g6 from Germany, 3,868,786 from Belgium,
777,662 from the Netherlands, 3.000 from Sweden, and 454,-

430 from Canada. In igi5 only four countries were concerned
in the supplv— the United Kingdom with 31,605,587 gallons,

Germany 5,527 gallons. Canada 2,6So,8og and Japan 50,105.
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ROADS AND PAVEMENTS DATA lORMS.

THK committee on roads and pavements ol tlir

Canadian Societj- of Civil Eni;ineers has sent out

to niaiiv hisjluvay and oil\ enijineers throughout

Canada, a form requesting data concerning the

construction of pavements. Following are the questions

to which answers are ret|ucstc(l :

General Information.

Kind of Pavemi'ii! - Momh an<l Year of Construction?
Province ? County ? City or Town ?

Name of street or road ? From ? To ?

Engineer to Municipality? Present address?
Was work by contract or day labor?
Total width of street allowance ? Bearing: of street ?

LenKth of pavement ? Width ? Area in sq. yds. ?

Grade of pavement, minimum? maximum? ordinary?
Crown of pavement, minimum? maximum?
Character of street, residential. manufacturinK-, business,

etc. ?

Is pavement shaded or exposed ?

.\veratre daily traffic in terms of traffic schedule, before

and after improvement ?

Details of catch basins, if any?
Cost of pavement per sq. yd., exclusive of subprade. curb

and gutter?
Climatic Conditions.

Summer temperature, maximum ? minimum ? average ?

Winter temperature, maximum ? minimum ? .Average ?

.-\nnual rainfall, inches? .Annual snowfall, inches?

Subgrade.

.Subsoil? Crowned or flat.- Watered or dry?
What provision for drainage of subgrade ?

Were sewers, watermains, etc.. Hid before construction of

pavement, and if so, for how long ?

Location of these with respect to pavement?
Cost of preparing subgrade per sq. yd. of finished pave-

ment ?

Foundation.

Kind? Cost per sq. yd.?
Materials, proportions and methods of applying?

Thickness ?

Binder Course or Cushion.

Kind ? Cost per sq. yd. ?

Materials, proportions and methods of applying?
Thickness ?

Surface Course.

Kind.-" Cost per sq. yd.?
Materials, proportions and methods of applying?

Thickness ?

Top Dressing.

Kind? Cost per sq. yd.?
Materials, proportions and methods of applying?

Thickness ?

Curb.

Kind.^ Width? Depth? Cost per lineal foot?
Materials, proportions, etc. ?

Cutter.

Kind? Width? Thickness? Cost per lineal foot?
Materials, proportions, etc. ?

Dimensioned sketch of cross section of pavement,
photograph also desirable.

.Another form is also being sent out to cover main-
tenance work. The questions on this form are as follows :

GENERAL INFORMATION
(for purposes of identification with previous reports.)

Province? County.-
Name of street or road?
Kind of pavement?
Period covered by this Report—From ?

Date of completion of work ?

Date road was opened to traffic?

Citv or Town ?

From? To?

To?

lias tlie .suii.ice begun 10 disinligi ale, il so «h.il "as
the cause ?

Has the surface become displaced in the form of ruts,

waves, etc. ?

Is the surface objectionably soft in hot weather ?

Is it objectionably slippery at any time, if so, undei

what conditions ?

Has the surface shown undue wear next to curb or track
'

allowance ?

During what period covered by this report was the surface

covered by snow or ice?

Has the surface been artificially watered?
Has the surface been cleaned, if so to what extent?

Methods of repair?
Methods of maintenance?
Cost of repair per sq. yd. ?

Cost of maintenance per sq. yd. of pavement ?

Average daily traffic in terms of traffic schedule?

TRAFFIC SCHEDULE.

AT the annual meeting of the Canadian Society of Civil

Engineers in January, 1916, the following schedule

L for the description of trafHc was adopted, as simple,

comprehensive and adapted for universal use. Each

class of traffic is designated by a letter and the degrees of

tralTic by a number. Combinations of one of the letters

and any of the numbers representing degrees of traffic will

therefore represent the amount of traffic of that class of

vehicle. The sum of two or more of these combinations
will then represent the total traffic on any road. The
schedule is as follows :

—

I'd) Lighi—up to 100
-(2) Medium— 100 to 200
|(;i) Heavy— 20u upwards

A. Light vehicles

1. Horse drawn,
steel tires

2. Self propelled,

rubber tires

B. Heavy vehicles

wagons, trucks

C. Passenger
Automobiles

D. Motor trucks
and buses

3. Self propelled, | E. Sieam lorries

steel tires 1 and iracit>rs
i

r(l) Light—up to 75
(2| Me.'ium—75 to 150

1(3) Heavy— 150 upwards

f(l) Lisjht- up to 100

J
12) Me>lium_ino to 400

1(3) Heavy— 400 to 800

1(4) Severe— 800 upwards

((1) Light—up to 10

-(2) Medium— 10 to 20
( 3) Heavy—20 upwards

((1) Light-1
.^(2) Medium—2 to 6

{{3) Heavy—6 upwards

Example—The traHic on a road having 150 horse-

drawn light vehicles, 80 horse-drawn heavy vehicles and

25 iTiotor trucks, would be indicated bv the expression

A2 -I- B2 + D3.

RAILWAY EARNINGS.

The following are the railwav earnings for the first two
weeks of May :

—

Canadian Pacific Railway.

igi6. igiS-

May 7 $2,763,000 $1,594,000 -h $1,169,000
May 14 2,502,000 1,604,000 + 088,000

Grand Trunk Railway.

May 7 $1,030,768 $ 863,105 -(- $ 167,573
May 14 1,076,436 922,106 + 154,330

Canadian Northern Railway.

May 7 $ 677.400 $ 419.600 -h $ 257. Soo
May 14 748,300 364,800 -I- 383,500
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POLLUTION OF BOUNDARY WATERS
EXCilXKHKIM. IW liSTIGATIOX.S SHCAX' lllAI KXTICXSUE SHWACIE TRKAT-
MEXT IS KHOLIRED ONLY IX THE BLl-FALO AND DETROIT DISTRICTS-
COARSE SCREEXIXG WILL SUFFICE FOR MOST OTIII-R noCXDARV RIXERS.

PRCF. EARLE BERXARD PHELPS, consulting

sanitary engineer to the International Joint Com-
mission,* has made a report, consisting of 159 large

pages and 67 plates, upon remedial measures for

the present conditions of pollution of boundary waters be-

tween Canada and the L'nited States.

After extensive field work, the Commission issued 1

progress report, early in 1914, indicating to what extent

and b3- what causes and in what localities the boundary
waters have been polluted so as to be injurious to public

health. .A board of three Canadian and three L'nited

States sanitary engineers then compiled fourteen principles

which, in their opinion, should guide the commission in

its further studies.

Lender direction of Prof. Phelps investigations were
then undertaken in order to secure data upon which to

base a report upon the following question :

—

prevent the pollution of these waters, on either side, to

the injury of health or property on the other?

The answer just made is not final. Public hearings

will be held at Buffalo June 21st, igi6, and at Detroit June
26th, 1916, at which all interested authorities will have op-

portunity to present e\'idence and criticisms. The final con-

clusions of the commission will probably be based upon its

engineers' reports and the evidence produced at the hear-

ings. The following abstracts have been taken from the

advance proofs of Prof. Phelps' report:

—

Advisability of Remedial Measures.

Satisfactory recommendations upon the advisability

of remedial measures must be based on the one hand, upon
the results of a thorough examination of existing condi-

tions of pollution ; upon the feasibilitv and cost of remedy-
ing these conditions wholly or in part ; and upon a careful

SUGGESTED THELflTMENT WORKS

Fig. 1.—Suggested Treatment Workj fjr Niagara River District.

In what wav or manner, whether by the construction

and operation of suitable drainage canals or plants at con-

\enient points or otherwise, is it possible and advisable to

remedy or prevent the pollution of these waters, and by
what means or arrangement can the proper construction

or operation of remedial or preventive works, or a system
or method of rendering these waters sanitary and suitable

for domestic and other uses be best secured and maintained
in order to insure the adequate protection and de\elopment
of all interests involved on both sides of the boundary, and
to fulfil the obligations undertaken in Article I\'. of the

\\aterways treaty of Januarv 11, 1909, between the L^nited

States and Great Britain, in which it is agreed that the

waters therein defined as boundary waters and waters
flowing across the Iwundary shall not be polluted on either

side to the injury of health or property on the other?

Stripped of its explanatory matter the reference

becomes :

In what wav is it possible and ad\isable to remedy or

*Members of the CorriTnission are:—Canada. Charles A.
Mag-rath, chairman ; Henry A. Powell, K.C. : P. B. Mignault,
K.C. L'nited States, Obadiah Gardner, chairman; James A.
Tawney: R. B. Glenn. Orgjinized in 1912, by treaty, as a

court of arbitration to settle all questions regarding- boundary
waters and other similar frontier matters.

comparison of the relative value and cost of the benefits

to be derived thereby. On the other hand, such an inquiry

must be guided in the present reference by the terms of

the treaty that the boundary waters "shall not be polluted

on either side to the injury of health or property on the

other.

"

It is understood that the advisability of this require-

ment itself is not in question and that it would be without

the scope of the present reference to consider the merits of

alternative projects, such as new sources of water supply

for the lower communities, which would not accomplish

this specific requirement.

It will be necessary, therefore, in this discussion of

the advisability of remedies, to review the results already

obtained and reported upon bv the commission, relative

to existing pollution of these w'aters, and to examine these

results with special reference to the nature and extent of

any injury to health or property which may be attributed

to pollution crossing the boundary.

Such a review involves the interpretation of bacterio-

logical results in terms of injury and necessitates in turn

a discussion of reasonable and permissible limits of pollu-

tion, the extent and character of pollution from natural

drainage, the efficacy of water purification plants, and the

efifect upon the safe operation of such plants of increasing
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pollulioii li):Kis. L'pini these C|uestions the coniinissioii has

had tlie advice ol a board of eonsulling engineers. L'pon

the basis of these two lines of investigation—the bacterio-

logical studies and the engineers' recommendations— it is

possible to formulate specific recommendations lor a

minimum rct|uirement for the treatment of sewage enter-

ing the bounihuy waters. This requirement, however, is

expressed in terms of bacteria and organic improvement,

and will still permit the application of alternative measures

to obtain the desired results. There remains also the ques-

tion of "possibility" of the required measures, which is

interpreted in this case to mean the practical possibility or

the feasibility of the projects, ha\ ing due regard to llie

engineering phases and to reasonable limits of cost.

I

Prof. Phelps' report at this point extensively reviews

the report made in 1914, and discusses extent and seasonal

distribution of pollution and the significance of the pollu-

tion data. .\n endeavor is made to strike the proper

balance of responsibility to be borne by water purification

and by sewage treatment.

The minimum allowable treatment in any case is

indicated bv requiring for raw sewage 4 second-feet ol

diluting water per capita of contributing population. This

requirement is subje<t to modification by Uxral condition.;

and bv the oxidizing capacitv of streams.

Engineerin,^ Investigations.

Offices were established at Buffalo and Detroit, in

charge of assistant engineers,* and data were collected

showing the feasibilitv and cost of collection and disposal.

The results of these investigations are given in great de-

tail in the appendices to the repwrt. It is stated tha*-

further studies may develop more economical drainage,

and that the treatment suggested is not final, as no study

has been made of certain advanced methods that hold

promise of further economies.]

The gtneral tvpe of treatment adopted, with suitable

local modification, is essentially the same in all cases. It

comprises coarse screening for the removal of large float-

ing material, sedimentation in Imhoff tanks, with simul-

taneous chemical disinfection with chloride of lime. The
necessary auxiliary plant, sludge drying beds, chemical

mixing tanks, etc., are also provided.

The estimated costs of construction have been treated

in the usual manner as invested capital against which an

annual charge for depreciation based upon an assumed
life (sinking-fund allowance) and an interest charge have

been made. This annual charge has been increased by

the estimated annual operating expenses to give a total

annual expense, and this in turn has been reduced to a

per capita basis for purposes of comparison. These figures

are set forth in detail in the report. They are summarized
in Tables i , 2 and 3.

The weighted average annual charge for the entire

population of the Detroit district is found to be So. 57, for

the Buffalo district S0.68, and for the two combined S0.61

per capita per annum. For comparison with this figure

it will be of interest and value to determine the total

charge for water supplv and sewerage in certain cities.

Sewage disposal is properly to be regarded as the final

step in a complete system which begins with the collection,

*Detroit River District—H. C. McRae. district eng-Jneer

;

Irving' P. Kane, assistant engineer. Niagara River District

—

F. C. Tolles, district engineer; H. S. Phillips and B. F.
Perry, assistant engineers. Acknowledgment is made of valu-
able assistance bv M. K. Brian, Owen MrKav, J. J. Newman,
Dr. J. \V. S. McCullough. Prof. John .Vmvot, F. A. Dallyn,
R. S. Lea, Theodore Lafrenier and other Canadian engineers
and health officials.

puriliralion, and distribution of the water supply, includes

the colle<tion of domestic and industrial sewage, and ends

with the disposal of the sewage. Without water supply

there would be no sewage and with water supply, sewers

and final disposal are essential. The system, regarded as

a whole, is necessary to the well-being of the community
;

the proper disposal of the final product is a necessary part

of the system, and its cost a part of what the roiiimunitv

Table I.—Summary of Costs and Annual Charges for

Sewage Treatment, Detroit District.

Annual Charges

City

Popula-
tion First

P. r

Detroit. Mich .

deiigr-ed cost. pi,.H Oper-
t-

.

for.'
'^"'"'-

.itinR.
"""'• capita

950.001 »'i.93i.0-24 $294,901 ?21.i..S45 $510,446 0.54

•i 631.150 12.905.350 635.016 .525 415 -1.160.!)6I At

Windsor District. On- 55,0(X) 392.286 21.291 16,000 37,291 .68

tario =110,0(10 779,187 40.868 25.000 =65.868 .60

Port Huron. Mich 25.000 291,135 15.781 9.000 24,781 99

-40,0t0 3.5B.677 19.249 11.000 -30,249 ,76

Sarnia. Ontario 16.000 100.250 5.414 6.000 11.414 .71

St Clair. Mich 3.000 28 063 1.620 1,200 2,820 .94

Marine City, Mich. ... 4.000 6 '."40 3,655 1.700 5,355 1.34

AlROnac. Mich 1.700 M.6.'0 928 1,400 .i.:<28 1.37

River Kouge. Mich. .., 15.1)00 63.635 3.204 4 500 7.704 .51

=30.000 115.385 6,105 7.0U0 =13,105 .44

Bcorse, Mich 4,000 23.078 1,331 1,400 2,731 .68

Ford City, .Mich. 5.000 32.287 1.814 1.600 3.414 .68

Wyandotte. Mich 16.000 68,560 3.911 5,l)C0 8.911 .56

=30,000 101.960 5.714 8.0U0 =13.714 .46

Trenton, Mich 1.200 2,650 132 50O 632 .53

Amherstberg, Ontario 3.000 17,056 1.079 1.300 2.379 .79

620.206 .565To at 1.0d8,900

' For treat.Tient. Interceptor designed for greater populations in practically
all cases,

'These quantities excluded from the totals and general average per capita
charge.

Table 2.—Summary of Costs and Annual Charges for

Sewage Treatment, Buffalo District.

Popula-
lation Total first

designed cost
tor'

Annual charges

Fixed,
Per

Buffalo. N.Y
Tonawanda. NY. ......

-North Tonawanda. N.Y..

La Salle. N.Y
Niagara Falls, NY
Niagara Falls. Ontario ,

LacUawanna. X.V =

Bridgeburg. Oncario= ...

"P?"- Total
ating capita

600,000 $3,598,751 $203,457 ?r87,411 8390,868 0.6)8

11,500 70,685 4,241 6,650 10 891 .947

18.000 130,166 7,451 8,900 I6.3.M .885

3.50U 38.648 2.320 1.500 3.S20 1.091

69,U00 535,950 30 730 28.457 59,187 .857

18.010 83.637 5,108 8,960 14.068 .782

16,312 4,000 240 1,200 1.440 .088

2.110 2,000 120 500 620 .294

2,000
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result materially. An arbitrary interest and depreciation

rate of 5 per cent, of the present value has been used,

which gives annual charges that are at least not too high.

The tabulated figures follow in Table 4 :

—

Table 4.—Present Value. Operating, Fixed and Total

Annual Charges of Water and Sewerage Works in

American Cities. (Weighted Average Per Capita.)

Annual Annual Total
Cit.e^with populaiionof- valle cnar'^; 5 °P"»- ^"""^'

value, cnargr.3 charge,
per cent.

Over 5U0.000

300.t0fl-500.000. .

100.000-300.0il0

50.000-100.000 .

30.000 50.000 - .

All over 30,000

50.83
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general solmion will hi- hctli-r corrclaud iilons^ siinilar

lilH'S.

Uuiding Principles in Control of Pollution.

Till- lollowine ijcneral principles should guide in thf

formulation of regulations lor the control of pollution in

the houndary waters in its international aspects:

1

.

The Iwundary waters shall not be polluted on

either side to the injury <i( health or property upon the

other.

2. In the case of the boundary rivers the interests

of the two countries are so closely bound together as to

be mutual and the quality of the streams as a whole shall

be considered in determining upon limits of permissible

pollution.

3. The limit of permissible bacterial pollution shall

be deemed to have been exceeded when the effective

dilution as hereinafter defined shall be less than 4 cubic

3£:/750/i/JL P/JTfJ/BUrjOJi

B. COL J

STci/r/zf, /^sTTfo/T; ////7&/7/r/7 fl//ff jrifftYffSffCE ff//£ffs.

Jca/e

BU/^/'AL O, /30(>-/4 .
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Editorial
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WINNIPEG RIVER POWER AND STORAGE
INVESTIGATIONS.

In this issue of Tlie Caiiadiaii E)t^itieer there appears

a review of a most valuable report recently issued by the

Dominion Water Powers Branch in connection with the

power and storage investigations on the Winnipeg River

in the Province of Manitoba, which investigations have

been carried on for the last three or four years. It may
interest many of our readers to know that these investiga-

tions were commenced on the advice of prominent consult-

ing engineers of both the United States and Canada,
following a reconnaissance trip down the Winnipeg River,

and were made necessary because of the Government want-

ing a well-defined administrative policy evolved covering

the physical features of the use of the various falls of the

Winnipeg River for power purposes.

When one considers the great agricultural wealth of

a province like Manitoba, but which is more or less with-

out fuel resources, and that water is practically the only

natural resource within the province for the dev^elopment

of power, the importance of the facts which are brought
out bv these lengthy investigations will be realized.

It is interesting to find that the net results of the

investigations show that the W'innipeg River power situa-

tion is a most promising one from both an engineering

and an economic standpoint.

COLLECTING HIGHWAY DATA.

Forms are being sent to many of the city and highway
engineers throughout Canada, requesting data concerning

the construction and maintenance of pavements. This

data will be compiled bv a committee of thirteen members
of the Canadian Society of Civil Engineers. W. A.

McLean, Toronto, is chairman of the committee, and G.

C. Parker, secretary of the Department of Public High-
ways, Parliament Buildings, Toronto, is secretary of the

committee.

The object is to get full data concerning the construc-

tion of pavements of every kind, and then to keep a record

of their serviceability as shown by the subsequent annual
reports regarding maintenance, traffic, etc.

In order to take into consideration all conditions of

climate and traffic, these forms are being sent to many
<lifferent towns and cities in every part of the Dominion.
As there will be a score or more of different pavements to

be reported upon, the work will likely involve considerable

detailed clerical effort. If successful, the results will be
\ery instructive and may lead to standard specifications

for some types of pavements which will enable the engineer
to predict, before the pavement is laid, just how many
years it will last under any given condition of traffic.

To be successful, however, it is absolutely necessary
I hat complete, careful and intelligent information be
turnished by everv.man who receives these forms, and
The CatmcUan Engineer would urge all engineers who are
asked to co-operate in this matter, to do so promptly and

tully, in the interest of the advancement of highway
engineering.

The questions asked by these forms are published in

full upon another page of this issue. .'\ny engineer who
does not receive a copy of the official form, and who would
like to report from year to year upon any pavement, should
correspond with Mr. Parker.

ANOTHER WATER POWERS INVESTIGATION?

Duplication of effort by various government organiza-
tions and commissions has frequently resulted in con-
siderable waste of time and money. This overlapping has
not been confined to any one political party. It has been
more or less prevalent at all times.

With the heavier duties that Canada has undertaken
during the past two years, it is important that every
possible lesson of efficiency be learn';d from past mistakes.

Unless The Canadian Engineer is misinformed in this
matter, the Federal Economic Commission plans to in-
vestigate the water powers of the Dominion. Such in-
vestigation would seem to be gross waste of effort, unless
it is meant to imply that the work that has already been
done in that field has not been sufficiently thorough.

\\ ater power investigations have been made by the
Dominion Water Powers Branch, and we do not believe
that the work of that department has been lacking in any
reasonable particular.

Moreover, many of the provincial governments have
made considerable headway in similar investigations

:

Nova Scotia, through the Xova Scotia W''ater Power Com-
mission; British Columbia, by close co-operation with the
Dominion authorities ; Ontario, through the Hydro-
Electric Power Commission

; Quebec, through the Quebec
Streams Commission

; etc. Besides these, the Commission
of Conservation has made various voluminous reports
upon the subject; and excellent papers were prepared for
the International Engineering Congress at San Francisco
last year by various well-known engineers, each one re-
porting upon the water powers of the province with which
he is most familiar.

Does the Federal Economic Commission propose to
Ignore all this previous work accomplished by experts?
If so, why? If not, whom does the commission intend to
appoint who is recognized as a hydraulic authority able
to review the work previously done, and sufficiently well
versed in the theory and practice of hydraulic engineerino-
to be able to reject as invaluable any of the work which
these various other bodies have accomplished? If the
Federal Economic Commission proposes to delve into en-
gineering investigations of this sort, it will certainlv have
to add materially to its staff and to its funds.

^^ c hope that our information regarding the com-
mission's plans is incorrect, but anyway we would most
respectfully advise the commissioners to reconsider the
matter and to devote themselves exclusively to the main
purposes for which the commission was created, namely,
to handle immigration problems, to increase agricultural
production and to improve facilities for marketing farm
products.
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Quebec, I'.Q.— 1 la- lollowing gunlleincn have bet;n

appointed by an oiiloi-in-council to form the newly created

Road Commission : Mayor Lavigueur, N. Giroux, Mayor

ol Ueauport, Mr. Frank Carrel, and ex-Mayor Drouin.

it is understood that Mr. Nap. Drouin has been slated lor

the chairmanship of the commission.

Calgary, Alta.— Ihe largest clean-up campaign in the

history of the city was the one recently completed. During

the clean-up period 11,509 cubic yards of rubbish was

handled. Of this, .S.hjg cubic yards was dumped at the

i-it\ dimip and 2,280 was handled by the city incinerator,

a<vording to the report of Sanitary Inspector Dunn, made
to Commissioner Garden. The whole of the city, from the

centre to the extreme outskirts, was covered.

.\ngus, Ont.— It is the intention of the Militia De-

partment to instal at Camp Borden a complete sewe'-a^e

sy^rem on the water carriage basis. The camp will be

; iipplied with water either from artesian wells or from the

Pipe River. .\s the camp will have a summer population

of approximately 40,000 soldiers, the problem of installing

a complete sewerage and water supply system for what

is nearlv a citv of that size within a period of from four to

five weeks is one (»f most unusual character. T. Aird

^^urray, M.Can.Soc.C.E., is consulting engineer in con-

nection with this installation.

Ojlbway, Ont.— It is urd.>r>;ojd that ronslruclion

work is likelv to begin soon on the Canadian plant of the

United .States Steel Corporation. The following state-

ment, regarding its plans in Canada, has been given to

T7jc Canadian Engineer for publication, by the United

States Steel Corporation: "The Canadian Steel Corpora-

tion, Limited, which has been organized in the interest of

and is controlled by the United States Steel Corporation,

has acquired about 1,750 acres of land at Ojibway,

Ontario, opposite the city of Detroit, Mich. The property

has a frontage of about a mile and a half on the Detroit

River. On this site it is hoped to construct a modern
steel plant. The plans for the scope of the plant have not

yet been fully developed. The plant should include blast

furnaces, open-hearth steel works, rail mill, wire mill,

structural and bar mills, sheet mill and perhaps some
other mills, together with all necessary plant auxiliaries

such as docks, by-product coke plant, power stations,

pumping plant, machine shops, foundry, etc. A portion

of the property acquired is intended for a townsite and it

is planned to improve and develop the same by platting

and constructing stres's, laying water mains, installing

sewerage system and a ras and lighting system ; also to

construct necessary dwellings for emplovees and others.

.\ considerable amount of preliminary development work
has already been done and during the balance of the

present year initial construction work will be prosecuted.

The otlicers of the Canadian Steel Corporation, Limited,
arc: Elbert H. Gary, president; Ward R. Perley, vice-

president; Richard Trimble, treasurer; W. j. Filbert,

secretary. \'ice-President Perley will be immediately in

<'harge of the active construction work apd his ofiice will

he at Ojibway, Ontario." It is reported that the contract
has been awarded to the W'ill'amson Construction Com-
pany, of \VaIker\ille, for fitting up the I^Ioyd House in

Ojibway as an office headquarters for the companv. Some
extensive building is contemplated and a substantial simi

has been appropriated.

I» 1: R S O N A L .

R. M. HAW AIOUD, assistant chief engineer of

I he Montreal Tramways Company, has been elected presi-

di-nt of the Canadian Railway Club.

R. \'. MCHOLSOX, heretofore bridge and building

mastei- of the Canadian Pacific Railway at Schreiber, Ont.,

has Ijecn appointed bridge and building master at Ottawa.

C.\PT. HARRY has been appointed engineer in

charge of the waterworks and sewerage system for tin

new military camp at .Angus, Ont.

r. .\1RI) .ML'RRA'i', M.Can.Soc.C.i:., has been ap-

pointed consulting engineer in connection with the water-

works and sewerage system for Camp Hr)rden, near

.Vngus, Ont.

A. C. \'OLKMAR, forester of the Ki.jrdan I'ap-r

Company, St. Jovite, Quebec, has been elected an associate-

member of the Canadian .Society of Forest Engineers.

CHARLES L. D. COXKLIX, until recently president

of the Digger Machinery Co. , Inc., has severed his con-

nection with that concern and is now with the John F.

Allen Co., Xew York, as superintendent of their con-

tractors' machinerv department.

O B r T U A R Y .

ELMER LAWREXCE CORTHELL, Dr.Sc, presi-

dent of the .\merican Society of Civil Engineers, died

May i6th. In the passing of Dr. Corthell the engineering

profession has .suffered a real loss. He was a man who
had attained. to unusual heights in that profession. His

fame as an engineer was almost world-wide ; his reputa-

tion as a consulting engineer was national and interna-

tional. He was born at South .Abingdon, Mass., in 1840.

^^'hile attending Brown University the Civil War broke
out. He immediately enlisted and after serving four and
a quarter years with the army re-entered Brown University

and received the degrees of B.A. and M..A. From his

alma mater and in recognition of his attainments as an

engineer he received the degree of Doctor of -Science.

During his life he was connected with some very

large and important engineering enterprises. Among
these might be mentioned the following: The improve-
ment of the harbor at Tampico, Mexico ; the Xational
Ra!l*"oad of Tehuantepec, the completion of which was
entrusted to him bv the Mexican government ; the Boston,

Cape Cod & Xew York ship canal ; the river and harlx)r

improvements in .Argentine, and many other national and
international projects. Out of respect to the memory of

Dr. Corthell the regular semi-monthly meeting of the

American Society of Civil Engineers, which was held

May 17th, was immedlatelv adjourned after the announce-
ment of his death had been recei\ed.

CALGARY ENGINEERS ENLIST.

The following members of the Calgarv Branch of the

Canadian Society of Civil Engineers have enlisted for

active service :

—

Members.— H. H. Muckleston, F. R. Burfield, Col.

Paul \\'eatherbae.

.\ssociate Members.—P. ]. Jennings, H. R. Cars-
callen, F. S. Dyke, G. R. Elliott, J. A. Symes.

Juniors.—R. L. H. Goodday, J. H. Jones.
Students—J. B. ^^Lean.
.Associate of Branch.—G. 11. Wlnte.
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SOME ASPECTS OF CHLORINATION
IX \IK\\ OF Till-: INCRKASIXG USE OF LIQUID CHLORINE OR HYPOCHLORITE FOR
THE STERILIZATION OF WATER, THE OBSERVATIONS OF THE AUTHOR OF THIS
PAPER SHOULD BE OF CONSIDERABLE INTEREST TO WATERWORKS ENGINEERS.

By JOSEPH RACE,
City Bacteriologist, Ottawa, Canada.

ALTHOUGH the treatment of water by clilorine or

iiypochlorite has Ijeen very extensively practised for

• -several years it is a regrettable fact that compara-
ti\ely few investigations have been made into this

process with a view to elucidating the basic principles and
the modifications required to meet various conditions.

When chlorination was first introduced for the

sterilization of water and sewage, all that was required

was the addition of the hypochlorite ; after this the pro-,

cess was supposed
to take care of itself.

Now we realize that

to obtain the best

results the process

requires careful
supervision, and

close attention to

certain points. It is

the purpose of the

writer to draw at-

tention to some of

these details in this

paper.

Mechanical Ad=
mixture.— Due at-

tention has not al-

ways been given to

this phase of the

chlorination prob-

lem because of the

prevalent opinion
that the all-im-

portant point was
contact period. The
writer has previous-

ly recorded (Journ.

Soc. Chem. Ind.,

igi2, 31, 611-616,

and 1915,34, 931-

934) experiments made for the purpose of comparing

the importance of these two factors. In 1914, a sedimen-

tation basin was placed in operation at the mouth of the

Ottawa intake pipe and during July the hypochlorite

solution was added at the entrance to this basin. The
method of addition was by means of a perforated pipe

which stretched across the entrance to the basin and the

bleach solution and water were there mixed as thoroughly

as was possible without having recourse to mechanical

methods. The basin was baffled and had a normal capacity

Agar
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the raw (-)Uau;i l\i\L'r walir ooiUainiiig 40 parts per million

of color and water "A," with a color of 3 parts per million

was produced from "B" by ])rccipitating with sulphate of

Alumina and subsequently liltering. The B. Coli count was
made by platting out 10 cubic centimeters of w'ater in

neutral red bile salt agar and counting the typical red

•olonies. Counts were made after 24, 48 and 72 hours,

but in this table only the 24-hour count is recorded. The
jounts at later periods were made to determine whether
the organisms were actually killed or the reproductive

capacity merely delayed, as was observed on a former
occasion. (Journ. Soc. Cliem. Ind., July, 1912.) In none
of the experiments was any evidence obtained of any
revival of the organisms.

TABLE I.

Colonies Per 10 c.cms. of Water. Temp. = 63''F.

Contact Wntcr'i." Colors Water " B." Color 4»
Period. Av.iilable Chlorine p p.m. Available Chlorine p-p m.

0.2 0.2 0.4 0.5

Nil ig4 194 194 194

5 minutes 121 165 129 (/^

I hour 7 95 20 I

5 hours o 4 o o
24 hours o I I o
48 hours o o o o

To obtain the same result with about one hour's con-

tact at 63° F. it is necessary to use about tw'o and one-half

times as much chlorine with a water of color 40 as with

one practically free from color. Somewhat similar results

have been obtained at Montreal by Harrington (Journ.

.A.m. ^^'aterworks .\ssoc. Vol. 3, 438). For the greater

part of the year St. Lawrence w^ater free from color is

obtained at the inlet to the Montreal intake pipe and only

requires approximately 0.3 parts per million of available

chlorine for satisfactory treatment. During the spring

floods the currents are altered and the Ottawa River water
is obtained. This requires as much as 1.5 p. p.m. of

chlorine but a portion of this high dose is necessitated by
the increase of turbidity. During the flood period the

color is some\vhat reduced but its effect in the chlorination

efficiency is more than counterbalanced by the increase in

turbidity.

The effect of color upon the absorption of chlorine, in

the form of hypochlorite, by water, is well shown in

Diagram i. The absorption takes the form of a mono-
molecular reaction, the mathematical expression of this

law bemg —r- = A.\ where A is the concentration of the
at

available chlorine in parts per million. Integrating be-
tween fi and f; we get the formula

u — t,

If the compound absorbing the chlorine were simple in

character, the value of K found would be constant in each
experiment. Instead of that, we find a constantly di-

minishing quantity which is explained by the fact that the
compound acted upon is not simple but a mixture of com-
plex molecules having different affinities for oxygen.

Temperature.—The effect of temperature on a culture

of B. Coli in unsterilized water (color 40) is well illustrated

in the two follow-ing tables.

TABLE II.—EFFECT OF TEMPERATURE.
Colonies Per 10 c.cms. of Water. Available Chlorine 0.4 p.p.m.

Contact Temperature Degrees Fahrenheit
Period. 36. 70. 98.

^'' 424 4^4 424
5 minutes 320 280 240
1.5 hours 148 76 12

4-5 hours 38 14 3
24 hours 2 o o
48 hours 2 o o

TABLE III.

Colonies Per 10 c.cms. of Water. Available
Chlorine 0.2 p.p.m.

Contact Temperature DeKrecs Fahrenheit
Period. 3«. 70. 98

Nil 240 240 240

5 minutes 240 250 235
I hour 245 235 195

4 hours 215 IQO 170

24 hours 143 130 115

48 hours 130 59 19

72 hours 28

96 hours 16

120 hours 6

In the 70° F. experiment, the sample, after 3, 4 and

5 days' contact, was inoculated into lactose bile and
lactose broth with the following results :

—

B.Coli
PerlOc.c. Colonies per

Contact Lactose Most probable 10c.con
Period. bile. Broth. . number. Kcbipe-

Lactose Lactose lagar.
Bile. Broth.

72 hours .... 2/5 5/5 5 20 28

96 hours .... 0/5 4/5 I 16 16

1 20 hours .... 0/5 2/5 I 5 6

When these results are calculated to the most probable

numbers by McCrady's method (Journ. Inf. Dis., 1915, i",

183-212) some interesting comparisons are obtained. The
lactose broth and rebipelagar plates are in close agreement

but yield results very much higher than the lactose bile.

If lactose bile only takes account of virile organisms it

must be assumed that the majority of the B. Coli remain-

ing after 72 hours' contact, are attenuated. This dictum

would appear to be somewhat arbitrary and empirical.

The effect of temperature upon the absorption of the

available chlorine is shown in Diagram 2.

Aftergrowths.—In connection with chlorination many
well-authenticated reports have been made that after the

preliminary germicidal action has subsided a second phase
occurs in which there is an accelerated growth of or-

ganisms. This is usually known as aftergrowth. When
there is only a short contact period between chlorination

and consumption, the reaction does not proceed beyond
the first phase, but when the treated water is stored in

service reservoirs the second phase may ensue and is

usually ascribed to a change in pabulum effected by the

action of the chlorine or oxygen on the organic matter.

Regarding the nature of this aftergrowth there has been
considerable difference of opinion ; some hold that it is the

result of the multiplication of a resistant minority of

practically all the species present ia the untreated water

;

others, that it is partially due to the bacteria being
merely "slugged" or "doped," i.e., in a state of suspended
animation, and afterwards resuming their anabolic func-

tions, whilst others believe that with the proper dose of

chlorine only spore-forming organisms escape destruction

and that the aftergrowth is the result of these cells again
becoming vegetative. The aftergrowths obtained under
the usual working conditions vary according to the dosage
of chlorine employed and none of the above hypotheses
alone provides an adequate explanation. When the dosage
is small a small number of active organisms in addition to

spore-bearers will escape destruction, and others, as was
shown by the writer in a previous paper (Journ. Soc. Chem.
Ind., 1912, 31, pp. 611-616), will suffer a reduction of

reproductive capacity. The flora of the aftergrowth in

this case will only differ from the original flora by the
elimination of species that are very susceptible to chlorine

As the dose is increased these two factors become rela-

tively less important until a stage is reached when onlv
the most resistant rells, the spores, arc left; the resultant
aftergrowth must necessarily be entirely composed of
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iMT, thai llic suiviviiit; types were cultivated twice on

media free from clilorine before being again subjected to

clilorination. A number of the colonies surviving several

clilorinations were cultivated in lactose broth and the

acidity determined quantitatively. All the cultures pro-

duced less acid than the original culture and the average

was materially less than the original cultivated under the

same conditions. This points to a diminution in the bio-

cliemical activity.

A point of perhaps more scientific interest than

practical utility is the relative proportion of the various

types of B. Coli found before and after treatment with

chlorine. The writer, in 1914 commenced the analysis of

the various types, using the division of the .American

?

?

£Fr£CT OF CALCIUM HYPOCHLORITE ON ELECTRICAL

CONDUCTIVITY OF WATER HO'C.

Otfouo River

Oi3tillcd S tJa/er '^ '-' " ^ •^"°

CONDUCTIVITY RECIPROCAL NEC OHMS.

Diagram 3.

Public Health Association by dulcite and saccharose as

a basis. The averages of a large number of samples

were as follows :

—

B. Coli Com- B Coli Com- B- Lactis B. Acidi
munis munis Aerogenes Lactici

Raw Chlori- Raw Chlori- Raw Chlori- Raw Chlori-

nated, nated. nated. nated.

Ottawa, 1914 5 4 40 48 44 36 u
Ottawa, igi5 8 S 50 46 34 31 8

*BaUimore, igi3 .. n 14 33 25 35 31 21
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absent, with sand at 35% and intermediate at 65%. Fairly

good results were obtained with 12% oement, even with

49% sand and ^\% intermediate, but this concrete slowly

absorbed considerable water, showing as fairly large per-

centage of very small voids.

In order to be on the side of safety, in starting a new
plant, the minimum quantity of cement that has been used
when aggregate containing 35% sand has been shipped

out, has been 12%, corresponding to about 1.27 bbls.

(Canadian) to the cubic yard. The first cut in the gravel

pit, arranged for a convenient lay-out for operating con-
ditions, has taken the excavating machines into a part of

the deposits running high in sand, and in order to keep the

total sand in the finished aggregate down to 35% required

a considerable wastage of sand after screening, which cuts

down the net output and increases the amount of material

to be handled. As the demands of the contractors have
taxed the plant heavily, due to a number of causes, among
which were delays due to breaks in machinery, lack of

storage for the mixed
aggregate, shortage

of cars at times when
the haul was long, or

when large amounts
of foundation fill ma-
terials were being
shipped, it was found
necessary, at times,

to ship out material

containing 50% sand,

and in some cases,

pit-run material. In

such cases the cement
has been increased to

about 15% or 1.7

bbls. (Canadian) per

cubic yard. This policy is very expensive, however, as it

increases the cost of concrete to the District by about $1

per cubic yard net, over the cost of concrete made with

an aggregate containing 35% of sand. As the estimated

volume of concrete in the whole aqueduct is about 330,000

cu. yds., the District is, this winter, planning to open

another pit, equipped somewhat differently, near the

eastern end of the line, to relieve the pressure on the

existing plant both by furnishing more aggregate and by

shortening the haul, thus getting better efficiency out of

the transportation equipment.

« JO
8
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averages less than llic actual quantities placed. Tlicse

ratios are shown to be about as follows

:

Total cu. yds. of aggregate billed. = 3,633.2

Total cu. yds. of concrete laid ... = 3,422.7

Excess of aggregate* over total con-

crete 210.5= 6%
Total cu. yds. of aggregate billed. = 3,633.2

Total cu. yds. of payment concrete = 3,310.7

Excess of aggregate over payment
concrete 322.5 = 10%

Yardage of total concrete = 3,422.7

Yardage of payment concrete .... = 3,310.7

Yardage of excess concrete = 1 12.0 — 3-4%

Costs of Preparing Aggregate.—The average cost per

cubic yard of the aggregate, for preparation exclusive of

overhead charges, and transp<irtation to the contractor's

platforms has been as follows

:

Excavation So. 1 18

Hauling to plant 031

Screening and crushing 139
Loading 061

Repairs to plant 019
Repairs to cars, crane and dinkey 01

1

Office 005
Fuel 123

Total So . 507
It is expected that this cost will be materially reduced

in the coming season.

ANNUAL REPORT ON HIGHWAY IMPROVEMENT
IN ONTARIO.

A CCORDIXG to the annual report of the Department
iJL of Public Highways of Ontario, which has just

A. A, been received, investigation shows that there are
in the prov"ince approximately 55.000 miles of

roads. About 20,000 miles are well graded earth roads :

about 3,000 miles are surfaced with broken stone; and
about 19,000 miles are surfaced with gravel. Many of
the gravel roads are of inferior construction ; nevertheless,
the proportion of surfaced roads is very creditable to the
municipal organization of the province. Unfortunately,
the improvement is not uniform, and the gravelled roads
are largely confined to those areas in which gravel has
been plentiful ; while other districts are devoid of surface

improvement other than grading and drainage.

The mileage of surfaced roads is encouraging, how-
ever, in that while many may be in a neglected state, or of

inferior construction, they would more readily and cheaply
respond to the systematic attention which it is the desire

of Mr. McLean to encourage. The building of important
market roads under countv systems will be of more ex-

tended benefit by reason of even moderate improvement
of the local feeders ; while the development of a few roads

of greater commercial importance between cities can be

made to join up the entire system of roads throughout the

province in a most favorable manner.
The report, which contains 226 pages, is filled with

data of real value to all highway engineers and con-

tractors. Under the heading "General Features of County
Road Systems," it gives briefly the features of the system
as organized imder the Highway Improvement Act. We
reprint herewith extracts from this section of the report

:

One of the first duties of a county council, when a

county road system has been established under the High-

way Improvement Act, is to select a road superintendent.

The work is carried on by the road superintendent, under

the direction of the council and the road committee of the

council. Too much care cannot be taken by the council

in the selection of the superintendent. His qualification

for the work, and close application to its management,

more than any other factor, will determine the degree of

success attained. Good business management, with thor-

oughly practical ideas and methods, are essential. The
superintendent is not required by the Act to be an en-

gineer; but, if he is not such, occasional engineering

services will be required, e_specially in bridge construction

and details of grading. The cost of management is not

great, and, compared with ordinary township methods, is

one of the most profitable iteins of expenditure. Experi-

enced supervision and skilled workmen are gradually

trained—largely the secret of good roads wherever they

are found.

Cost of County Roads.—The roads commonly built

under county road systems are not necessarily expensive.

Thev are usually gravel roads, or broken-stone roads, well

graded and drained—such as serve the needs of farm

traffic. Preferably material of the locality, gravel or

broken stone, is lised. If there is no local material, and

it has to be brought in by rail, the cost is greater—but is

shared by the province.

A number of districts in Ontario, such as portions of

York, Peel, Halton, \Velland, Essex and Kent, have no

local material for road-making. In such cases an entirely

new road must be built, often on a clay subsoil, and freight

rates on stone must be added—all tending to higher cost,

and amounting to from $4,000 to S8,ooo per mile.

In other districts, however, such as Frontenac, Lanark

or Hastings, there is an abundant supply of stone on or

close to the road, and frequently the task is one of regard-

ing and putting a surface over an old stone or macadam

road. In such cases, a cost of 82,500 or $3,500 per mile

is an ordinary expenditure.

Certain districts, on the other hand, have an abundant

supply of gravel. Many of the roads have been gravelled

from time to time and a good foundation has beeri made.

In such cases, the work usually consists of removing sod

shoulders, improving the drainage, and adding a new

surface of gravel—costing from $1,000 to $2,000 per mile

for substantial work suited to local traffic.

A standard form of construction consists of an earth

grade, twenty-four feet between shoulders, outside of

which are the open drains. In the centre of the grade is

placed, for a "single track" road, gravel or stone to a

width of ten feet, and a depth varying from six to twelve

inches, according to the traffic, subsoil and existing

foundation. Good grading and drainage are of first im-

portance. The road should be rolled with a ten-ton steam

roller to complete for traffic. If the road is on an im-

portant line of through traffic, or adjacent to a city, the

earth grade should be twenty-seven feet wide instead of

twentv-four, and provision made for a "double-track" of

gravel or stone, eighteen feet wide. This, however, is

rarely necessary. A single track of metal nine or ten feet

wide may first be laid, and later widened to eighteen feet

as traffic increases.

Duties of Patrolman.—The patrolman's primary duty

is to keep the travelled surface in good condition, but

there are other duties for which he should be responsible.

His chief duties should be: (i) To repair the road sur-

face ; (2) to rake off loose stones and gravel ; (3) to clean

out ditches and their outlets; (4) to keep culverts free

from obstruction ; (5) to cut and burn weeds ; (6) to repair

guard rails ; (7) to periodically inspect bridges and cul-
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\erts, and immediately report to the county road superin-

tendent any defects which he himself cannot remedy.

The employment of men in pairs, with a single horse

and light wagon, is frequently to be recommended. Two
men working together can very often make more than

twice the progress, and at considerably less than twice the

cost of one man and horse, while there is a tendency to

greater contentment and efhciency produced by com-
panionship.

To make a success of patrol work the men must be

selected and adapted to the work. At least one man (who
will act as foreman) must be able to think for himself, as

on him will rest the responsibility of seeing that both are

kept employed, and that all labor is put to the best use.

It is possible on work of this kind to "fritter away" a lot

of time and still appear busy ; therefore, the foreman

should be able to distinguish between necessary and un-

necessary work. The men should be assured of permanent
employment, so long as their services prove satisfactory.

In patrol work, as in other branches of road construction,

increased experience means increased efficiency and
greater value. Bv knowing that their work will last as

long as they desire it and prove themselves capable, the

men will be induced to take a greater interest in it than if

they know it to be only temporary.

The work, as previously stated, is influenced by so

many variables as to make a close estimate impossible, but

to give an idea of what may be expected, it may be stated

that two men with single horse and wagon, commencing
on a properly constructed road in good condition, and

. working full time, should be able to patrol sections about

as follows :

—

1. Waterbound macadam road: (a) Ordinary county
roads, light to moderate traffic, 12 to 15 miles; {b) more
heavily travelled county roads, 8 to 12 miles; (c) county
roads approaching large towns and small cities, 5 to 8

miles ; {(}) county roads in the vicinity of large cities, and
heavily travelled interurban roads, 2 to 5 miles.

2. Bituminous macadam, or waterbound macadam
with bituminous surface: (a) Lightly travelled county
roads, 15 to 20 miles; {b] moderately travelled county
roads, 8 to 15 miles; (c) roads approaching small cities,

5 to 10 miles ; {d) roads approaching large cities and
heavih' travelled interurban roads, 3 to 6 miles.

Each man should be equipped with the following tools,

which should always be carried on the wagon : Square-
nosed shovel, round-nosed shovel, pick, rake, tamping
iron, coarse broom, scythe.

The wagon should have a specially constructed box
divided into compartments for stone, screenings and tools.

In the case of repairs to bituminous-surfaced roads, the

compartments will be used for stone chips, tools, and fuel

for the heating kettle.

The cost of operations will include the wages of the

men and cost of materials used. These cannot be definitelv

stated, and the amount of stone used for repairing may be
expected to vary^ from 10 cubic yards to 100 cubic yards
per mile per annum. The annual cost of repairs, in

general, may be expected to range from 3 per cent, to

6 per cent, of the original cost of the roads.

It is not to be expected that patrol work will eliminate

the necessity for periodic resurfacing, but it will postpone
it for many years. Modern practice is to allow the road
surface to wear down a certain amount and then renew it,

the patrol work being for the purpose of arresting undue
wear in any one place and to correct ruts or depressions
in their incipient stages. In the case of bituminous-
surfaced roads, if the base has been properly constructed,
and the surface svstematicallv maintained, there should be

little necessity for work, as far as the travelled portion of

the road is concerned, other than the prompt repair of

spots where the bituminous coat has worn through.

Maintenance and Repair.—The distinction between
the meaning of repair and of maintenance should be well

understood in anv examination of the comparative costs

of various types of road for a given term of years.

"Repair" applies only to the patching of roads; the

filling of holes and of wheel tracks. In the case of a brick

pavement it may mean the replacing of a few bricks here

and there or the restoration of a yielding foundation. In

the case of a concrete road it would apply only to the

patching of holes and joints or the clearing of ditches,

culverts and drains.

While "repair" in all cases implies only necessary

patching to keep the surface of the road smooth, the term
"maintenance," on the other hand, will include "repair"
and also the additional expenditure necessary to restore

the road from time to time to its original thickness and
condition at the time of construction. A macadam or

gravel road is maintaitied from time to time by recharging
the surface with new material to replace that which has
worn away. A brick pavement, on the other hand, can-

not be so maintained, but when the surface is worn out,

the old brick must be removed and the entire surface

relaid. Similarly a sheet asphalt surface is, from period

to period, wholly removed from the concrete foundation

and a new covering of the original thickness is laid.

"Maintenance," therefore, includes not only "repair"
but also an annual charge equivalent to the depreciation of

the pavement, such annual charge for depreciation being
dependent upon the life of the pavement ; or, in the case
of a macadam or gravel road, it is the periodic cost of

recharging the surface so as to restore it to its original

condition.

It is, therefore, to be considered that when comparing
the cost of macadam or gravel roads with the cost of a

pavement for a period of years, the expenditure for main-
taining the macadam or gravel must be offset not only by
a charge for annua! patching and repairing the pavement
but also a charge for depreciation of the pavement.

ROAD CULVERTS IN QUEBEC PROVINCE.^

By Alexander Eraser,

Department of Highways, Province of Quebec.

T'4R
limit of application of the word "culvert" has

never been exactly established. In the following

I will apply the word somewhat arbitrarily to all

work, from the circular culvert of 12 inches dia-

meter to the bridge or culvert of 8 feet span. In the

province of Quebec these culverts are considered as an
integral part of our roads, and their permanent improve-
ment is made in accordance with the plans and specifi-

cations furnished or approved by the Department of

Roads. The construction of a bridge of greater dimen-
sions is generally carried out under the control of the

Department of Public Works. But when work of a per-

manent character is projected on the probable line of

a provincial road, there is an understanding between the

engineers of the tw-o departments as to the location of

the bridge in order to secure the best possible alignment.

.A.S the culverts constitute a permanent part of the

improvement of our roads, and their cost forms an im-

_*.A^bstract of paper delivered at Third Canadian and Inter-
national Road Congrress. Montreal.
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porlntit itom in tlu- l<>l;il tosl ol those iiiiproMiiients,

SfKHMiil attention to them is necessary, both for ij<Kid

work and for economy. On our provincial roads the

average cost of the permanent culverts from 12 inches

diameter to S feet span has varied from $iSoo to $1,500
per mile.

In the pro\incc of Quebec we build circular culverts

from 1 2 to 36 inches diameter. On our provincial roads

all the circular culverts are of concrete. Concrete has

passed the experimental stages. But our manufacturers
of concrete pipe, at least as far as the province of Quebec
is concerned, do not all use the best methods of manu-
facture. Fortunately, a movement is now under way
with a view to the formation of an association of all

the concrete pipes manufacturers, like that existing in

the United States, whose main purp)ose will unquestion-

ably be to put on the market a more uniform product.

The quality of the pipes is not, however, the only

consideration that can assure to the culvert its per-

manency and its efficiency. It is also ab.solutely neces-

sary that they are put into place with care if we want
them to give good results. Many foremen or inspectors,

not always understanding the importance of every detail,

are frequently inclined to overlook some of them in order
to save time. Con.sequently, the need of intelligent and
experienced foremen is greater than one is commonly
led to believe, because it is often very expensive to repair

a culvert when breaks or dislocations are noticed after

the pavement is nearly finished.

.V culvert has two main purposes : To provide a safe

passage to the traffic; and to secure a perfect drainage,
while protecting the road.

To provide a safe passage to the traffic, the culvert

must have a length equal to the width of the travelled

way. This is especially important at the intersections

of roads. .-V reduction in the width of the travelled way
at each culvert would be a serious danger, especially

where the culverts are numerous, as they generally are
along a river or lake. Moreover, the addition of one or
two pipes to a culvert in order to provide an adequate
length can be done in most cases without increasing the
cost of the culvert. The addition of one or two pipes
will often permit a smaller headwall to be built, and so
effect an economy which will compensate for the addi-
tional pipe.

The alignment of the culvert must be such as to

permit a rapid flow of water. The introduction of two
or four right angles in the line of a ditch, for the laying
out of a culvert, as frequently happened in the old struc-
tures, must be avoided. If the line ditches at the up-
stream and downstream side of the culvert happen to be
on two different lines of not more than 25 feet apart,
we generally prefer to place the culvert at an angle with
the centre line of the road, so that its ends will meet
the ditches at each side of the road at the best possible
angle.

To determine the opening of any culvert, we can
take the empirical formula^ of Talbot or Ivutter, which
are most commonly used, but we must also consider the
present dimensions of the old culvert, and the informa-
tions (often very important) that can be procured from
those living in the locality, who know perfectly well all

the local conditions.

The trench excavated for the culvert ought to be
at least two fee* wid' r than '.he external diameter of the
pipe to be laid. I have been frequently impressed with
the importance of this detail. If the trench has a w-idth

hardly more than equ.il to llic exicniai (iiaiiutir dI the

culvert, it will be ditlii iilt l<i lani the e;irth in ihr Inwer

part, so that it will offen not be rammed at all. Conse-

quently, the culvert will not be held firmly in place, and
when the rolling starts it will lend to move, the joints

will be dislocated and the pipe will fret|ucntly break.

We must be careful to give to the bottom of the

trench a concave form suitable to the pipe to be placed,

so as to ensure to the latter a greater and more uniform

bearing surface. The minimum grade of the lK>ttom of

the trench will lia\e to be 5 inches per 100 feet, hut be at

such grade that when the culvert is in place, the water
will flow freely at the same grade inside the culvert as

it does at the upstream and downstream ends of the

culvert. It is very important that all the joints be

cemented on Ix>th sides, so as to avoid all washouts or

caving in of the soil around the culvert.

.\ very important detail, which is too frequently put

aside in practice, is to backfill in parallel and successive

layers not more than 6 inches thick, and to ram each layer

solidly. This is vital if the culvert is to be prevented

from moving and breaking under the roller. The back-

filling materials must be carefully selected. The materials

taken ou". of the trench are not always satisfactory. They
will frequently have to lie replaced by more stable and
more dense material, such as clay or coarse sand. Light

soils, fine sand or any material containing vegetable

matter should never be used.

It is necessary to pave the bottom of the ditch at

the upstream and downstream end of each culvert,

esfjecially if, on account of a steep grade or of a break

in the profile, there is danger of erosion.

We must be careful to leave at least 12 inches of

earth over the culvert. If this is not possible, it would
be better to lay a cast-iron pipe culvert.

Most of the remarks made with regard to circular

culverts apply to the other types of culverts of plain or

reinforced concrete, quadrangular culverts, slab culverts,

with or without beams, and arch culverts.

.\ control which cannot be exercised in the case of

circular culverts, including control of the mixture, of the

quality of materials, and of all the other details in the

making of the concrete, can be exercised freely when
building larger culverts. With this in view it is important

to keep a competent foreman or inspector always at the

work. His duties should not be limited to supervision

of the proportioning of the mixture and the time of

mixing each batch. .A mechanical inspection is not suf-

ficient. The theoretical importance of all the details

must be well understood.

.After the ma*^erials have been accepted by the en-

gineer, the inspector or foreman must see that the stone

and the sand are always kept clean, that the mixture

is me'hodic^l, that It is not too wet, etc. He will fre-

quently inspect the forms, to see that they are always

kept in line and that they are of correct dimensions. He
must see to it that the concrete is steadily rammed to

ensure proper density, and that the inner surfaces are

smooth.

The alignment of the road must be made judiciously

with a view toward the location of culverts. Except

where unavoidable, culverts should not be Ux-atcd on

curves, specially on curves of short radius. Too fre-

quently culverts have been located to suit the creek, and

not enough consideration has been given to providing

an alignment satisfactorv to trafiic.
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ENGINEERING AND GOOD GOVEI^NMENT.

By T. L. Hinckley,

Engineer, Bureau of Municipal Research, Toronto.

VERY lew persons, even the most thoughtful, reahze

hi)W hirgcly llie successful administration of a

modern city depends upon the correct solution of

engineering proljlems.* While this has always been

true in regard to such obvious matters as streets, sewers,

bridges, public buildings and the like, it is now true in

the case of many municipal activities which have only

recently been associated with engineering research. Street

cleaning, the heating and ventilation of public schools, the

operation of water and sewage purification works, the

motorization of fire department equipment, the installation

of central testing laboratories, the establishment of muni-

cipal refuse destructors, abattoirs, refrigerating plants,

the municipal ownership of street railways, power plants,

docks, etc., have combined to open up a field of oppor-

tunitv to the technirally trained man of to-day which is as

broad as society itself.

Those at the head of our more progressive city gov-

ernments have had the sagacity to see that in employing

the best available engineering talent to supervise and
carry out public engineering schemes, a political as well

as a practical purpose is served. The economical and
etlicient performance of public engineering work of any
sort reflects credit upon' the party, or the administration,

which has had the good sense to secure the services of

competent, technically trained men rather than to depend
upon men whose chief recommendation is a partisan

affiliation.

In view of the direct employment bv municipalities of

engineering talent, engineers who do not happen to be

attarhed to the public service have frequently questioned

the propriety of taking more than a passive interest in the

technical affairs of their community. Indeed, it is the

general rule for engineers in private practice to refrain

from offering opinions or advice to local authorities con-

cerning the conduct of local engineering works—except

in cases of gross mismanagement—although informal dis-

cussions of local engineering matters are, of course, very

common. In the writer's opinion, the adoption of such a

thoroughly passive attitude in public matters constitutes

serious neglect of a function which should be liberally

developed, in the interests not onl\- of technical efficiency

but of good government.
The man who will not take well-meant advice, be he

soldier, financial wizard, engineer or layman, is either a

genius or a fool ; and it is safe to say that among the

technical men employed by our municipalities there are

few of either persuasion. There can be no valid reason

1 for municipal engineers or technical experts refusing to

accept the advice or suggestions of a Ixjdy of men of their

own stamp upon. matters which concern the public welfare

—as engineering matters certainly do. The common
financial burden which all citizens share in the prosecution

of public work of any sort adds strength to the argument
that, if properly qualified by education and experience,

engineers owe it to their fellow citizens to take a more
active interest in the technical affairs of their city, keep
themselves informed of the progress of local public work,
discuss public work at all professional meetings, appoint

committees to studv public works in detail, etc.

It woukl perhaps l)e unwise to suggest that members
of engineering professions, in their private capacity only,

interest themselves actively in local engineering matters.

. This should be done officially—as a matter of fact, is now
done, on a limited scale, in many cities—by the various

professional organizations, as a regular part of their

routine. If possible, it should have the appro\al and co-

operation of the regular engineering staffs of the city

government. Standing committees should be required to

report at each meeting upon the progress of all public

engineering or other technical work in the community,

and resolutions expressing approval or criticism, as the

case may be, should be regularly forwarded to the local

authorities.

Tiie chief point of difference between the foregoing

suggestion and the present practice of engineering

societies lies in the proposal to make the work which such

societies do upon public problems active and continuous

rather than passive or spasmodic—in a word, to put

such action upon the basis of citizenship rather than that

of professional interest. In this way engineers will not

only get the information whicli they need, as to local public

engineering activities, but they will at the same time be

rounding themselves out as better and more useful citizens.

QUARTERLY REPORT OF ONTARIO BUREAU
OF MINES.

*0f $1,869,815,000 spent for g-overnmental purposes by
199 United States cities in 1QI3, fully .$t,027,402,000, or 54
per cent., was spent. for activities involving- engineering work
of some sort.

RETURNS made to the Bureau of Mines, Parliament

Buildings, by the metalliferous mines and works

of the Province of Ontario for the first three months

of 1916, show increases in all products except iron

ore. Following are the figures, those for the correspond-

ing period of 1915 being added for comparison:

—

January- January-

March, March, In-

igij. igi6. crease.

Gold, ounces 76,307 107,818 31,511

Silver, ounces 5,230,167 5,297,831 67,664

Copper, tons 3,644 5,491 1,847

Nickel, tons 6,680 10,032 3,352

Iron ore, tons 28,332 6,573 *2i,759

Pig iron, tons 94,678 160,749 66,071

Cobalt, metallic, lbs. . . 450 36,460 36,010

Nickel, metallic, lbs. .. 11,976 11,976

Cobalt and nickel oxides,

lbs 16,324 143,212 126,888

^Decrease.

The value of the production for the first three months

of 1916 was 814,276,382 as compared with 89,358,210 for

the corresponding period of last year. This large increase

was due not only to the greater output but to the higher

prices now pre\ailing for most of the metals.

Gold.—The increase in the yield of gold was 31,511

ounces, worth $636,872. Compared with the rate of pro-

duction for the whole of last year the advance was less

marked, but developments now under way are likely to

lead to a substantia! increase. Porcupine provided the

bulk of production, namely, 99,282 ounces. Hollinger led

in output, followed by Dome, Acme, Mclntyre-Porcupine,

Porcupine >^rown, Vipond, Schumacher and Dome Lake

in descending order. The mines situate elsewhere making

up the remainder of the yield are Tough-Oakes and

Croesus. Consolidation of the Hollinger, .A.cme and

Millerton interests will no doubt lead to a more extensive

development and a greater output from tiiese properties.
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Silver.—A feature of the quarter was an actual in-

crease in the yield of silver as compared with the first

three months of 1915, amounting to 67,664 ounces. In

value the increase was proportionately greater, namely,

8462,673. This was due to the 'remarkable rise in the

price of silver, amoimting; to about 50 per cent, over the

average figure for 1915. A large part of this increase took

place in the latter part of the quarter and afterwards, con-
sequently the benefit of the higher prices was only partially

realized during the three months. The natural effect of

the advance has been to stimulate both mining and
prospecting in Cobalt and to enable low-grade ores in the

tnines or on the dinnps to be worked, which at the former
low prices of silver were without value. Nipissing con-
tinues to lead in quantity of output; Townsite-City,
Seneca Superior, Kerr Lake, LaRose, Coniagas, Cobalt
Lake, McKinley-Darragh-Savage, Beaver, etc., follow in

the order named.

Nickel and Copper.—The demand for nickel and cop-
per, due to the war, has been insatiable, and the Sudbury
mines have shown a capacity for meeting the requirements
which could scarcely have been anticipated. The output
of nickel and copper in the matte was each 50 per cent,
greater than in the first three months of 1915. If the
present rate of production is maintained throughout the
year, 1916 will see about 40,000 tons of nickel and 22,000
tons of copper turned out by the smelters in the Sudbury
district, as against 34,000 tons of nickel and 19,600 tons
of copper in 1915. The Canadian Copper Company and
the Mond Nickel Company are the producers; the Alexo
mine turning out a small quantity of ore which is sold to
the Mond Company.

Iron.—The blast furnaces of the province produced
about 70 per cent, more pig iron than they did in the first

quarter of 191 5, and the product was worth almost 100
per cent. more. About 15 per cent, of the iron ore charged
into the furnaces was taken from deposits in Ontario, the
remainder coming from the United States.

By-products of Silver.—Cobalt oxide and nickel oxide
met with a rather better demand, though the quantities
exported are still below those of normal times. Metallic
cobalt is coming into use, principally in steel alloys, and
there is now a small quantity of nickel refined in Ontario
from the silver-cobalt ores of the Cobalt camp.

SPHKRICAI. HHARINUS versus FLAT PLATES IN
CRUSHING TESTS ON BRICKS.*

PRESERVATION OF WOODEN POLES.

.^Lt a recent meeting of the American Institute of Elec-
trical Engineers, a paper was presented by E. L. Rhodes and
R. F. Hosford, on recent results obtained from the preser-
vative treatment of telephone poles. The paper covered the
experience with treated poles over a period of eighteen vearsm the plant of the American Telephone and Telegraph Com-
pany and their associated companies, in the use of distillates
of coal tar or wood tar for preservative treatment. The authors
sum up the results of their experience in the following conclu-
sion

: "Because of the present incomplete stage of our exper-
ience with the different types of treatment described, con-
clusions can be reached for only a part of the problems whose
solution was sought. The seasoning of poles offers at best
only moderate advantages in the way of increased life. Its
greatest value is as a preparation for the successful applica-
tion of preservatives. The practice of applying to poles pre-
servatives high in antiseptic power and insoluble in water
has been shown to yield increased life. The amount of pre-
servative applied and the depth to which it is made to pene-
trate appear to exercise controlling influences upon the results
obtained. Mechanical failure of the treated layer is indi-
cated as the principal limit to the effectiveness of light appli-
cations of preservatives."

By E. L. Baker and Ale.x. F. Suss.

IT
is the opinion of the investigators that there is an

error introduced in the omission of a spherical bearing

in compression tests of bricks. Although the error

introduced by the omission of a spherical bearing may
not be great enough to be of any practical significance,

it is true that the theoretical crushing strength can only

be obtained by the use of some device which will take care

of non-parallelism of the compressive surfaces, thereby

preventing the development of internal stresses in the

specimen and the spalling-off of the specimen on one side.

It is the aim of the investigators to prove by these

tests that the crushing strength of bricks is greater as

obtained by the use of some type of spherical bearing than

by the use of flat plates. In the first one hundred and
seventy-three tests we have determined this difference by
using flat plates and the one-piece spherical bearing. In

order to have relative values we first made the ordinary

cross-breaking tests, thus obtaining two halves of the

same brick to be used in crushing.

One-half of the brick was crushed with the one-piece

spherical bearing and the other half with the plate bearing.

It is obvious from an inspection of paving bricks that no
two bricks are alike. They are not homogeneous, they

are not burned to the same degree of hardness, and their

surfaces have different degrees of non-parallelism. There-

fore, by using the two halves of the same specimen as

described, we have obtained comparative values showing
the difference betw-een results as obtained by the use of

the one-piece spherical bearing and flat plates.

The reader may be impressed by the wide variation

in the result of these tests. The only explanation we can
give for such variations is that already given, differences

of homogeneity and burning. .'\rch bricks will necessarily*

be overburned, while those of the interior of the kiln may
be underburned. In ordering the bricks for these tests

We called for 214-in. by 4-in. by 8-in. vitrified paving
bricks to be taken at random from any part of the kiln,

thereby obtaining a sample of brick which would ordinarily

be sent out on a job.

The machine used was a Riehle Brothers, 200,000-

pound, two-screw machine. The poise was run by hand.

The cross-breaking test was made according to the method
given in Johnson's "Materials of Construction." The
brick was set edgewise on two rounded, knife-edge bear-

ings placed six inches centre to centre and loaded in the

middle. The modulus of rupture was found by applying
the formula

a b h'

where

/ = modulus of rupture in pounds per square inch.

IF = ultimate load in pounds.

I = distance between knife edges in inches.

h = width of brick in inches.

h = height of brick in inches.

In order to have an approximately uniform cross-

section for the crushing tests, it was necessary to surface

the bricks after cross-breaking them. This was accom-

*A thesis for the degree of B..S. in C.E. at Washington
University, published in accordance with Sec. g of the .\grec-
ment of the Engineers' Club of St. Louis with Student Tech-
nical Societies in Missouri.



June 8, 1916. THE CANADIAN ENGINEER 613

plished by chipping the surfaces with a cold-chisel and
hammer. During the surfacing the specimen was kept
on a wooden block and the hammer-blows were made as

light as possible to be effective in order that the brick

would suffer no injury.

The bricks were then calibrated. Six measurements
were made on each dimension of the bricks in order to

obtain a true average dimension. The halves were then

tested with the one-piece spherical bearing and flat plates.

Two smoothly surfaced plates, 10 ins. by 10 ins. by ^2 in.,

were used, one placed on the base of the machine, upon
which" the specimen was centered, the other resting upon

m/T/
H

\ \Is
/y

« /'

z^"-

H

Fig. I'A.—BalNand'Socket Bearing.

the specimen. The one-piece spherical bearing is of cast

steel, one surface of which is flat and the other spherical,

having a radius of approximately 10 inches. The spherical

surface rested on a flat plate on the base of the machine,
the brick was centered on the flat surface of the bearing,-

and another flat plate was placed between the specimen
and the head of the machine. The machine was run at

low speed during the tests in order to secure a slow and
uniform increase in load. The majority of the specimens
failed all at once with a loud report, only a few spalling
off and crushing without an increase in load. The crush-
ing strength per square inch was computed by dividing the
total load by the cross-sectional area of the brick.

A table has been prepared show ing the results of these
tests which will be furnished by the authors to any in-

vestigators who wish to use them in any. further studies
along these lines. In these tables are shown the modulus
ol rupture, crushing strength between plates, crushing
strength with one-piece spherical, and the ratio of the
crushing strength as obtained with the spherical bearing
to that obtained with the flat plates.

One hundred and forty-seven tests were made with
the one-piece .spherical bearing and a ball-and-socket bear-
ing made by Riehle Brothers, of Philadelphia, and shown
in Figs. i-A and i-B. F is a cast-iron cup which rests upon
the base of the machine; D is a flat steel plate 10 inches in

diameter, the underside of which, E, is semi-spherical and
rests in the cup F. Before placing this bearing in the
machine, the surfaces of E and F, which are in contact,
were thoroughly lubricated with hard-oil in order that
they would slide upon each other as freely as possible,
thereby eliminating the friction between these surfaces.
Parts A, B, G and H form the unit which is held in the
head of the machine by the bolt, I, and thumbscrew. B
and .V are one solid casting, B being milled perfectly
spherical to fit into a semi-spherical socket, J. The cast-
ing', H, is in two parts, as shown, and is held in position
by four screws, K. The ball, B, and socket, J, were kept
well lubricated with hard-oil. The advantage of this bear-
ing is that there can be no flexure in the specimen regard-
less of how non-parallel the compressive surfaces may be.

The specimens used in these tests were cross-broken
and calibrated in the same way as the specimens in the
previous tests.

In order to inake an intelligent study of the ad-
vantages of the spherical bearing, it is necessary to com-
pare the values obtained by testing the two halves of each
individual brick. In each case in the first one hundred and
seventy-three tests we divided the spherical test value by
the plate test value and set up a ratio for each brick. The
average of these ratios should substantiate the theoretical
advantages of the spherical bearing if enough tests are
made to eliminate differences in material and accidental
errors in testing. In the remaining tests the ratio was
obtained by dividing the crushing value obtained from the
test with the ball-and-socket bearing by that obtained from
the test with the one-piece spherical bearing.

In obtaining points for a curve showing the relation
between the unit crushing strength and the ratio of height
to least dimension we found the average crushing strength
of all the specimens having the same ratio.

Results of Tests.

I. The average ratio for the tests made with the one-
piece spherical bearing and flat plates is 1.03.

35% of tests were within 10% of the average ratio.

22% "

16% "

8% "

8% "

!!'),< "

between 10% and 20% of average ratio.

20% and 30% "

30% and ^0% " " "

40% and 50% " " "

not within :io% " " "

2. The average ratio for the tests made with the ball-

and-socket bearing and the one-piece spherical bearing
is 1. 12.

12% of tests were within !o''n of the average ratio.

30% "• " " between 10% and 20% of average ratio.

17% " " " " ao"!^ and 30% "

18% " " " " -,0% and 40% "

9% ' " 40% and 50% '

14% " " " not within ^0% "
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J. Average unil (.-rushing strrntjih oblaincci from the

plale ti'sls is !S,340 pounds per sc|iiarc iiicli. '1"he average
unit crushing stri-nglh obtained from the one-piece

ipherical bearing tests on tlie remaining halves of the

same bricks used in the Hat plate tests is 8,380 pounds per

-qiiare inch.

A. Flat plate tests

—

35% within 10% of average crushing strength.

-•0% between lo^i and 20% of average crushing strength.

i8% " 20% and 30% " "

18% " 30% and 40% " "

5% " 40".', and 5o"r, " •'

4% not within 50", "

Fig. 1 = B.— Ball=and=Socket Bearing.

B. One-piece sph>^rical bearing tests

—

9% within 10% of average crushing strength.

25% between 10% and- 20% of average crushing strength.

21% " 20% and 30% "

21% •• 30% and 40% •

16% •' 40% and 50% •' "

87^ not within 50% "

4. The average unit crushing strength obtained from
the ball-and-socket tests is 9,340 pounds per square inch.

Tlie average unit crushing strength obtained from the one-
piece spherical bearing tests on the remaining halves of
the bricks used in the ball-and-socket tests is 8,760 pounds
per square inch.

.A. BaII-an<l-socket tests

—

26% within 10% of average crushing strength.

'9% between 10% and 20% of average crushing strength.

20% • 20% and 30% •'

14% " 30% and 40% " '•

10% " 40% and 50% " "

11% not within 50%
"

B. One-piece spherical tests-

-

31% within 10% of average crushing strength.

31% between 10% and 20% of average crushing strength.

15% " 20% and 30% " •

13?^ " 30% and 40%
"

5% • 40% and 50%
5% not within 50% "

Conclusions.

1. The fact that the ratio, 1.03, was obtained from
the comparative tests with the one-piece spherical bearing

and flat plates, shows that the one-piece bearing has an
advantage over the flat plates.

2. The ratio, 1.12, obtained from the tests witii the

ball-and-socket and one-piece spherical bearing shows
that the ball-and-socket bearing has an advantage over

the one-piece bearing.

3. We recommend for an average crushing value for

vitrified paving bricks that value obtained from the tests

with the ball-and-socket bearing, which is 9,340 pounds
per square inch.

4. The average modulus of rupture is 2,600 pounds
per square inch.

SPECIFICATIONS FOR PILES AND POLES.

Of interest to engineers and engineering contractors

are the following proposed tentative specifications of ;h.'

American Society for Testing Materials, reported for dis-

cussion at the last meeting in Atlantic City.

Xo pile with butt diameter over 18 ins., nor top

diameter over 13 '2 ins. will be accepted. The length of

each pile is to be legibly marked on the butt with white

or black paint.

1. The specifications as to strength shall agree with

the requirements that will be finally adopted by the Society

under the Standard Classification of Structural Timber

;

that is, number of rings per inch or some substitute there-

for. (Included in this section will also be a list of the

allowable defects, etc.;

2. All piles or telegraph poles shall show 40% sap-

wood in cross-section, or there shall be a ring of sapwood
not less .than x inch in thickness all around the heartwood.

3. (a) Piles and poles shall be cut from sound, live

trees, of straight grain and regular taper ; without crooks
exceeding one-fourth the diameter of the stick at middle
of crook when peeled. They shall be free from rot, red

heart, holes or rotten knots, shakes and felling checks.
(h) All pile); and poles shall have the bark and inner skin

carefully removed when the tree is felled; all limlis and
knots trimmed flush and butts cut square.

4. The minimum diameter of piles after peeling shall

be as follows :

—

Length. Butts. Top.-.

36 ft. and under 14 inches 10 inches

38 ft. and under 30 ft 14 " 9
50 ft. and over i ^ '

"

q

I
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IRRIGATION SURVEYS AND INSPECTIONS.

THE following article is extracted from the report

recently sent out by the Irrigation Branch of the

Department of the Interior, (E. F. Drake, superin-

tendent). In view of the economic importance to a

country like Canada of this branch of engineering work,

the observations made by Mr. Drake and also by 1<\ H.

Peters, Mem.Can.Soc.C.E., commissioner of irrigation

and chief engineer, in the report referred to will be of

interest.

Inspections.—The usual inspection work was continued

throughout the year, and careful inspections were made
of all irrigation and water supply works either licensed or

under construction. Inspections were also made to de-

termine the feasibility of projects for which applications

had been received. The increasing demand for water for

domestic, municipal, and industrial purposes has necessi-

tated a good many careful inspections to determine the

existing rights, or claims to water from the streams or

springs affected ; and in many cases it has been found

necessary to either refuse applications or to suggest other

sources of supply. In the southern portions of the pro-

vinces of Alberta and Saskatchewan the smaller streams
are now in many cases fully appropriated and as the de-

mand for water increases, as it must with continued de-

velopment, the question of supply will become serious.

^^'ater must then be brought from greater distances, at

increased cost, or resort must be had to deep boring and
expensive pumping plants.

Surveys.—Four large parties were employed through-

out the entire field season of 1914 in further developing

surveys initiated during the previous year. Three of the

parties were engaged in canal location and level work in

the development of the feasibility Of irrigating land in

southern Alberta, south and east of the city of Lethbridge,

while the fourth party was engaged in completing the

preliminary development of an irrigation project north of

Lethbridge.

The Alberta Railway and Irrigation Company, now
controlled by the Canadian Pacific Railway Company,
operates an irrigation system taking water from St. Mary
River in township i, range 25, west of the 4th meridian.

The land irrigable from this system is in the vicinity of

Magrath, Stirling and Lethbridge, and comprises some
170,000 acres, not all of which, however, has yet been

actually irrigated. The entire district south of Lethbridge

and extending eastward to the eastern boundary of the

province is in the so-called dry belt and is, generally

speaking, well adapted to irrigated farming. The purpose

of these survevs is to fully develop the available sources of

water supply, to locate possible canal routes, and to de-

termine, in a general way, the areas commanded by such

canals. The work is regarded as of great importance to

the development and settlement of a very large district.

It contemplates the fullest possible utilization of the avail-

able water supply from St. Mary, Milk, Belly and Water-

ton Rivers, including reservoirs for the conservation of

flood waters, and the carriage of the water to and through

the districts that can be served therefrom.

During the season of 1913 a preliminary survey was

made to demonstrate the feasibility of diverting water

from Belly River to St. Mary River at some point above

the intake of the Alberta Railway and Irrigation Company
canal. During the season of 1914 these surveys were ex-

tended with a view' to developing canal routes and irrigable

areas east of St. Mary River. These parties were em-

ployed, and during the season they ran 1,259 miles of level

lines, 512 miles of complete traverse and level lines, 300

miles of contour surveys, develojied three reservoir sites

and one dam site, and set ninety-two permanent iron

bench-marks. Complete reports, with plotted plans, have
been submitted, but these are as yet merely preliminary
studies. It is anticipated that by the end of the season of

1915 the work will be sufficiently advanced, if not com-
pleted, to warrant a full report.

Work was continued throughout the year on the pro-

ject contemplating the diversion of water from Oldman
River for the irrigation of several detached tracts north
of Lethbridge, comprising a total area of about 100,000
acres. The preliminary work of canal and reservoir loca-

tion, and the determination of the commanded areas, was
completed during the season of 1914. Over 1,200 miles
of level lines and some 200 miles of complete traverse and
level lines were run.

Portions of the district comprised in this project suf-

fered severely from drought in 1914, and the settlers have
urged upon the department the completion of the surveys
and the actual construction of irrigation works. Unless,

however, the government is prepared to adopt a policy of

construction and operation of irrigation works—and for

many reasons this seems undesirable—there was until

very recently no legislation under which such a project

could be initiated, financed and constructed by the persons
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canals niiglu be run from tlie company's main canal
through ihe district referred to, thus supplying water for

domestic and stock-watering purposes and for irrigation

.IS well.

Surveys made during October and November, 1914,

demonstrated the feasibility of diverting water from the

Southern .Mberta Land Company's canal so as to serve

approximately 93,000 acres in townships 14 to 17, ranges

18 and 19 (70,000 acres), townships 12 and 13, ranges 18

and 19 (13,000 acres), and township 11, range 17, west of

the 4lh meridian (10,000 acres), and to supply water for

domestic purposes during the summer season throughout

the district. Unfortunately, however, the works of the

Southern Alberta Land Company are not at present suf-

ficiently advanced to permit of the carriage of water to

the points at which the diversion canals must head, and
the financial difficulties which have hampered the com-
pany's operations for some time past preclude the expendi-

ture at present of the sum necessary to place the works in

serviceable condition.

The surveys have, however, served a useful purpose,

and when the Southern Alberta Land Company is able to

complete its works so as to serve the most westerly unit

Brooks Aqueduct, Bantry Canal, Eastern Section C.P.R.

of its irrigation tract, there is reasonable probability of an

arrangement being made for the use of these works in the

carriage of water to the district referred to. There is no

question but that the district requires irrigation for its

fullest development, and that the domestic water supply

can be greatly improved by the construction and operation

of irrigation canals.

It is understood that officers of the Geological Survey

are making an examination of this and other districts in

southern .\lberta with a view to determining the depth

at which water for domestic and other purposes can be

obtained.

Reservoirs.—One of the most important questions

that has recently engaged the attention of the engineers

of this branch is the location and survey of reservoir sites

for the conservation of flood water. Several large reser-

voir sites were located some thirteen years ago by en-

gineers in the employ of the .'\lberta Railway and Irriga-

tion Company, and it was apparently intended that some
of these sites should he used in the development of the

company's irrigation system in the Lethbridge district.

Onlv one of these, the Chin Coulee reservoir, has been

constructed. Our engineers have examined several of

these sites with a view to their utilization for the storage

of flood water from St. Mary and Milk Rivers in the de-

velopment of irrigation in southern .Mberta, and with

special reference to the division of the waters of these

streams between Canada and the United Slates in ac-

cordance with the provisions of the "\Vaterways Treaty."
Other possible reservoir sites on the headwaters of

Belly and VVaterton Rivers have been examined in a pre-

liminary way, and detailed surveys will be made as soon
as opportunity offers.

In the Cypress Mills district—that is, the district in

southwestern Saskatchewan and southeastern Alberta, be-

tween the international lx>undary and the main line of the

Canadian Pacific Railway—there are many irrigation pro-

jects which are dependent for water supply upon streams
which usually are dry, or nearly so, just when water is

most needed, but which have a very considerable flow in

early spring or after heavy rains. Under existing con-
ditions, irrigated farming cannot be satisfactorily carried

on. Frequently only one irrigation can be given, and that

earlier than is desirable, while if the flood waters which
are now wasted could be stored, a greatly increased cere-

age could be brought under cultivation and satisfactorily

irrigated.

Our surveys have developed three large reservoir

sites, vis., Cypress Lake in township 6, ranges 26 and 27,

west of the 3rd meridian, where it will be possible to store

the flood waters of Battle Creek and Frenchman River,

including their upper tributaries ; Middle Creek reservoir,

on a tributary of Lodge Creek, and a large reservoir on

the lower course of Frenchman River in township 5, range
,

16, west of the 3rd meridian.

The Cypress Lake and Middle Creek reservoirs were
fully reported upon last year. The Frenchman reservoir

was surveyed during 1914. It covers 3,500 acres and can

be developed to hold 50,000 acre-feet of water. These

three reservoirs, supplemented by smaller ones on some
of the tributary streams, will give fairly good control of

the flood discharge of the streams flowing south from the

Cypress Hills, and provide for the irrigation of large areas

of land. Their early construction is urgently required,

and it is the desire of the settlers that it shall be under-

taken quickly.

There are no large streams flowing north from the

Cypress Hills, but several small reservoir sites have been

located and a few of them have been carefully examined.

Possibly some additional sites may yet be discovered. A
good many small irrigation projects draw their water

supply from these streams, but no general policy of water

conservation seems possible. Probably the problem can

best be handled by the construction of small reservoirs

whenever possible, and the sharing of the cost among the

few whose water rights will be improved thereby. The
Dominion Government may be able to assist by reserving

the vacant Dominion land required for any such reservoir

—and some such reservations have already been made

—

but as almost all the land affected is now in private

ownership it will be necessary for the interested parties

to deal directly with the owners and to arrange among
themselves for sharing the cost of the work. This branch

will be prepared to assist by placing at the disposal of the

Interested parties all data already collected, including plans

of such surveys as have been made.
Domestic Water Supply.—In some districts in the

provinces of Saskatchewan where the domestic water

supply problem has become acute, the Provincial Govern-

ment has constructed a number of small reservoirs, or

dugouts, which while not ideal sources of water supply,

serve a useful purpose in providing water for stock and

for the operation of farm machinery. In cases where such

reservoirs are built on well-defined streams, and where
the storage of water would have an appreciable effect on

the volume of water on the lower course of the stream, the
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government should—and usually has—acquired a water
right under the provisions of the Irrigation Act. In many
cases, however, such reservoirs are merely natural depres-

sions which have been deepened to hold surface water,

and there seems to be no necessity for the acquisition of

water rights. The purpose of the Irrigation .\ct is to vest

in the Dominion Government the ownership of all sources

of surface water supply, with a view to the administration

of the law so as to best serve the general public interest,

and it is not the policy of this department to impose any
unnecessary restrictions upon the conservation and use of

water.

Duty of Water and Demonstration Work.—A very

important feature of irrigation administration is the deter-

mination of the quantity of water required to produce the

most beneficial results when applied for irrigation. The
existing regulations define the "duty of water," or the

ratio between a given quantity of water and the area of

land it will irrigate, as 150 acres for each cubic foot of

water per second flowing constantly throughout the irriga-

tion season of 153 days. This quantity is equivalent to

about two acre-feet of water for each acre of land irri-

gated, or enough to cover each acre to a depth of two feet.

The best modern practice inclines towards expressing the

duty of water in depth over the irrigated tract, rather than

by the rate of flow, and in the revised regulations now in

course of preparation the duty is defined as two acre-feet

per acre, an acre-foot being equivalent to 43,560 cubic feet.

This depth may be, and probably is, too great. The
duty was established some fifteen years ago and was based
upon experimental work carried on principally in the

Western United States. Experience has shown that there

has been a general tendency on the part of irrigators to

use too much water, and that the result in many cases has

been to sour and waterlog the land, or to cause the rise

of alkali to such an extent as to temporarily ruin the soil.

Some experimental work was done in Canada several

years ago, and in 1913 it was taken up in a systematic

manner with a view to determining the quantity of water
required to produce the most beneficial results for different

• crops under the varying conditions of soil and climate in

the dry belt of Western Canada.
Absorption Losses in Irrigation Canals.—A question

which has received too little attention in the past is that

one dealing with the inevitable losses which occur on every

canal system in conducting the water from the source of

supply to the farmer's headgates, due to seepage and
evaporation in the main, secondary, and tertiary canals.

During the irrigation season one hydrometric engineer,

Mr. R. J. McGuinness, was employed in making measure-

ments with a view to determining these losses in the canals

of the C.P.R. western section and the Alberta Railway
and Irrigation system at Lethbridge. The work is very

complicated owing to many practical difficulties which
arise in the field, but during the season data were gained

which, while not entirely satisfactory, have made it

possible to determine the average "absorption" losses

between certain limits.

Hydrometric Surveys.—This work, covering the

measurement of the flow in all the important streams in

Alberta and .Saskatchewan, has a very wide scope and it

is only possible in this summary report to indicate the work
that has been carried out'. The results of the work in

detail will be "published in a separate report on Stream
Measurements.

The work was carried out under the charge of Mr.
P. M. .Sander, chief hydrometric engineer, with two
principal assistants, Mr. G. H. Whyte and Mr. G. R.

Elliott. The office staff consisted of two office computers

and recorders, and twelve hydrometric engineers wore
employed in the field.

The districts covered were the same as described in

the previous year's report, with the addition of the Wood
Mountain district, which comprises a number of streams
which rise in Saskatchewan and flow across the inter-

national boundary, and are of considerable importance for
this reason. During the season records were gained for

164 permanent gauging stations, 3,550 stream measure-
ments were made by the field engineers, 29 new permanent
stations were established, and 24 permanent iron bench-
marks were set.

On many of the smaller irrigation streams in

Saskatchewan and A^'estern .Mberta a very high per-
centage of the run-ofi' takes place in the early spring due
to the melting and rapid run-off of the winter's snow.
Pre\iously the hydrometric engineers had not taken the

Crawling Valley Dam, Eastern Section C.P.R.

field early enough in the spring to measure this flow, but

during the spring of 1915 a special effort was made to

obtain these very important measurements. In order to

handle this work, eight hydrometric engineers took the

field early in March and gained very valuable measure-
ments. Six engineers were placed in the Cypress Hills

district, one north and four south of the hills, another

operated along the line of the Canadian Pacific Railway
between Medicine Hat and Maple Creek. The hydro-
metric engineer in the Wood Mountain district took the

field as early as possible, but owing to the difficulties of

getting into this district did not get the peak measure-
ments on all of the streams.

HUDSON BAY RAILWAY.

Estimates of the department of railways, among them
appropriations of $3,000,000 to carry on the construction of
the Hudson Bay Railway and its terminals at Port Nelson,
and $1,500,000 for work on the National Transcontinental
Railway, were passed by the commons in committee of supply
this week. The discussion centred around the vote for the
Hudson Bay Railway, some members still having doubts as
to the practicability of the road as a grain route, and the
suitability of Port Nelson as its terminus.

Mr. Robb (Huntingdon) feared that the season of navi-
gation On Hudson's Ba;' and Straits would not be long enough
to permit of the railway being of much use in moving the
western grain crop.

Hon. J. D. Reid, who estimated that the project would
cost in all $26,000,000, and would be completed in the autumn
of 1Q17, declared himself convinced that the railway would
prove of value to the country.

Hon. George P. Graham asserted that it would be of value
in opening new territory and should be built, even if there

were no exports for it to move to the point of embarkation.
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THi: rVI'HOlI) TOLL*

l(> (ic(ir)<e A. Johnson.

ClUvTAIN cardinal fads stand forth in opining a

discussion of the significance of typhoid fever.

l-"irst of all, let it be clearly understood that there

is no question of its being an entirely prevent-

able disease. Second that all typhoid is caused by taking

the typhoid germ into the mouth. .And, third, th.at

typhoid fever in .America is the chief disease conveyed
liy impure food and drink.

These premises stated, let us go a little further in

ihe line of clalx)rating on the.sc basic facts. Since the

disease cannot be contracted naturally without taking

the specific germ into the mouth, and since the manner
in which this act is commonly performed can lie said to

be associated almost exclusively with the consumption
of typhoid infected food and drink, it follows that to

iradicate the disease involves only the exercise of really

simple measures of precaution, which, in the concrete,

are to see to it that the food and drink be pure, or made
pure, and kept pure until consumed. Public under-

standing of this need is, of course, in the ideal sense,

imperative, but when once the typhoid scourge has been
placed under control, it is possible for public health
.luthorities to prevent the reestablishment of its sinister

influences on the public health, in spite of the ignorance,
selfishness, or almost unbelievably complacent tolerance
of. the public itself.

It is not for a moment denied that to effect this

idealistic result is an undertaking beset with tremendous
.difficulties. The public is not to be blamed unqualifiedly
for individual or collective respKsnsibility in the mainten-
ance of this filth disease among human kind. Education
must be forced upon the public by those qualified to

teach ; public health officials must be given wider power
through more exact and far-reaching laws aimed at the
destruction of the roots of this filth-sustained plant ; and
ample funds must be appropriated to carry through the
work. The vital capital needlessly dissipated by the
typhoid scourge in this country amounts each year to
not less than $150,000,000, yet the combined annual
appropriations for all the health departments of the cities

of the United States amount to less than 30 cents per
capita, or not more than $15,000,000. This fund is made
to cover the expenses of work on infant morbidity, in-

spection of school children, laboratory and dispensary
service, tuberculosis, and for educational and publicity-

work, and this sum is clearly inadequate for the efficient

prosecution of tuberculosis work alone. In New York
City a very large share of the expense of such work is

borne by the Department of Charities. Probablv not 10
per cent, of the health department funds are devoted to
holding typhoid fever in check ; the prevention fund, if

you like. Such an amount would be equal to i per cent,
of the loss suffered through failure to exercise adequate
and efficient measures of prevention.

If the adjuster of a municipal or state budget were
knowingly threatened with illness, or one of his imme-
diate family so affected, he would not hesitate tcr spend
any reasonable sum of money to defray the cost of obvi-
ously necessary preventive measures. Life insurance
certainly is popular, and it is not to be supposed that
the officials of city and state finance departments are
immune to the persuasive arguments of life insurance

•Extracts from a paper read before the .American Water-
works Association. Tiinr 7, i.|i''i.

agents. This is protection against the ctiects of disease;

nevertheless, such officials wield an energetic blue pencil

when they reach the health dep.irtment item in the

annual budget. They cannot see the return of good to

the public, even though they realize the protection

afforded to themselves and their families from their life

insurance, or they would not pay the premiums.

Twenty millions of people in the United States are

now being furnished with filtered water at a cost not

exceeding $8,000,000, or 40 cents per capita, per year,

and in these cities having filtered supplies the water-

borne typhoid fever has been practically eliminated, as

reliable statistics abundantly prove. Inexpensive as water
purification is, these people are spending more money
for that alone than they appropriate for the work of pre-

vention and public treatment of all diseases, whether

water-borne or not, and it is not to be forgotten that

out of the public health fund comes a considerable ex-

penditure for work in the line of the conservation of

purity of public water supplies.

The results of water purification always show a big

balance on the right side of the ledger. Where one dollar

is spent for pure water, many dollars are saved in the

form of vital capital through the prevention of sickness

and death. If a community of 19,000 people spends each

year 40 cents per capita for filtered water, and thus each

year prevents a single death and the attendant cases af

illness from typhoid fever, it will come out even filian-

cially, and increase its self-respect into the bargain. In

Pittsburgh, to cite a well-known example, the adoption

of water filtration has saved over 600 lives, 9,000 cases

of tvphoid illness, and $4,500,000 in vital capital

annually.

Whose is the responsibility? Who can be blamed

for permitting typhoid fever to exist and thrive in this

enlightened age? Is it the national government, the

state governments, the municipal governments, or the

people themselves? There is no law prohibiting the con-

sumption of impure water or food unless the consumer
deliberately contemplates suicide.

A community may start out with the best intentions.

Legislative enactments are put through to protect the

public health. This is simple, for none but the framers

of health laws really know what they signify, hence there

arises no antagonism to their enactment. Next comes
the task of obtaining the necessary funds to enforce these

laws. The average appropriation of all the cities where

such funds are made available is, in round numbers, 30

cents per capita per annum. This applies only to those

cities having populations of 25,000 or more. What of

the remainder?

Let any thinking citizen ask himself if he considers

a contribution of 30 cents each year on his part sufficient

justification for his assurance of protection against pre-

ventable disease. Or, as another example, if he thinks,

if given in charity, it is his proper share toward the fund

for keeping in check and preventing the spread of the

great white plague, which kills 130,000 people in .America

each 3'ear. Unquestioningly, he would give far more to

street beggars in the course of a year. If every man,
woman and child in the United States contributed one

dollar each year to public health work, the total sum
thus raised would not nearly equal the annual loss in

vital capital in this country from typhoid fever alone.

Not one city in .America does contribute one dollar per

capita for all the uses of its health department, but on

an average contributes the far-famed thirtv cents, which
is opprobrium enough.
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In the states best off with respect to health huvs

recorded on their statute books, the proper enforcement

of these laws is never carried out. Observe the anti-

spitting law enacted only a few years ago. \o law was
more proper, but in the beginning, when an arrest for

its violation was made, it was so unusual a proceeding

that the ensuing brief court proceedings were likely to

find their way to the front page of the newspapers, and

for days thereafter the cartoonists were busy with their

humorous pencils creating and nursing a spirit of

mockery, so often fatal to the public good. The law

prevailed, nevertheless, more through the effects of in-

genious placarding of the statute than a fear of legal

apprehension, or an honest belief that disease was
spread in this manner.

Laws looking to the prevention of contamination of

food and drink commonly are allowed to lie peacefully

within the covers of the books of law, seldom to be

disturbed. The screening law, calling for the protection

of foods exfx)sed for sale from the explorative activities

of the deadly house fly, was observed where there was
no apparent way out of it, but the screens, when pro-

vided, were often improperly constructed, and since they

were more or less of a nuisance to the owner in dis-

bursing his wares, were never more than partly effective.

Campaigns for Pure Water Supplies.—No one can
gainsay that in progressive states the majority of the

movements looking to the improvement of public water

supplies originate in the health department. Especially

is this true where the community is small, and where
the water department officials do not feel warranted in

employing relatively expensive men who are technically

trained in water analysis and matters in general relating

to water pollution. Then, too, the officials of large cities

often are slow to act in such matters, and too prone to

fall back upon arguments based on the financial inabilitv

of the community to carry through the construction of

water purification works. It can be stated unqualifiedly

that no community, whatever its size, is too poor to have
a pure water supply. It is better to have had streets,

grade crossings, and inadequate public buildings than

to tolerate a public water supply of questionable purity.

Grade crossings are a menace to life, to be sure,

but not nearly as great a menace as a bad water supply
;

and they are more often abolished for the sake of con-

venience than as a measure of public safety. Good streets

promote business and the public comfort, but such im-
provements do not measure up on a level of importance
with a supply of pure water. Attractive, roomy and light

public buildings are a matter of common civic pride, but
it is doubtful if they tend materially to increase the

efficiency of those who labor therein.

Of all public works, the waterworks is by far the

most important, and should always be given preference

in the allotment of moneys for the city's maintenance.
Ever since it became known that bad water was dan-
gerous to health the public has been entitled by sovereign
right to receive pure water. Bad water will put out con-

flagrations as promptly as pure water, but it also will

cause widespread disease, which is more important. In

the last thirty odd years the loss in vital capital through
typhoid fever alone was over three times the net pro-

perty loss from fire in the United States.

It is the customary design that the waterworks de-

partment of a community shall be self-supporting, but
it is rare that large sums of money are kept on hand
to defray extraordinary expenses in the department.
When questions arise as to the adequateness of the

supply as regards volume, or more satisfactory distri-

bution, little difficulty is experienced in obtaining the

necessary funds to carry out the work, for the comfort
and convenience of the public are affected. With im-

provements in the supply respecting purification it is

dilterent. When a city of a hundred thousand people is

confronted with evidence furnished by its own officials

and those of the state health department shocving that the

water supply requires purification, and learns that works
to effect this end will cost, say, $300,000, there follows an
energetic sharpening of pencils to ascertain how this is

going to affect the tax rate. There is strong opposition

to the movement from the very beginning.

The state health officials, realizing the necessity

better than anyone else, order that purification works be

built. The cost thereof being estimated, the matter of

a bond issue to carry the expense is put up to the people,

and very often is defeated. Then an extension of time is

allowed, and the matter drifts along for years without

any definite advance.

Many cities have endured an excessively high typhoid

fever death rate for years, and withheld the financial

support necessary for the furtherance of measures of

prevention, even when it was plain that the public healtli

of the community would be imrhensely benefited thereby.

Great cities, such as Baltimore, Cincinnati, Louisville,

Minneapolis, Philadelphia, Pittsburgh, St. Louis and
Washington, temporized with the matter for years before

building purification works, and in the meantime thou-

sands of their citizens were needlessly killed by water-

borne diseases. Then they built filter plants, and it is

safe to say that if a candidate for public office in any of

these cities should advocate the abandonment of filtra-

tion, he would stand as much chance of election as the

proverbial snowball has of existence in Gehenna. The
people in these cities now realize what pure water means
to them, and while at first reluctant to believe, actual

experience of the benefits has turned their minds just as

far, or farther, in the opposite direction.

Laws have been enacted giving to the state the power
to force the purification of public water supplies within

their boundaries. The so-called Bense .Act of Ohio is

one of these. There is need of more legislation of this

kind, which leads to the protection of the public against

itself. Such power, placed in competent hands, and with

sufficient funds to enforce it, cannot but do immeasurable

good. Too much reliance is put in moral suasion in such

matters nowadays. The money can always be found if

it has to be found, and many a man has put off the

urgently necessary visit to the dentist because of the

physical pain incident to such a visit and the strain on

his pocketbook ; but he is always happy and satisfied

when it is all over.

It is precisely so with forced expenditures of public

money for w-ater purification. The thinking citizen realizes

that he is taking a chance with disease every time he

drinks a glass of contaminated city water, and yet is

ready with excuses, chiefly of a financial nature, for not

helping along the campaign for pure water ; but no
matter what he finallv is compelled to pav for it, when he

realizes how he has been benefited he is perfectly satisfied,

even though for a time he is obliged to go without new
paving in front of his house, apologize to visitors for his

antiquated city hall, or something of the sort.

Contaminated Wells.—The excreta of typhoid suf-

ferers always should be thoroughly disinfected, but the

cases are very numerous where it is either not done at

all, because of the unpleasant labor involved, or done in
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a pi'iliiiiclorv mamur. \\ Iu'it tlu'ic is no water carriage

system of sewerage tliese infected discharges arc emptied

in the privy or some other convenient place, sometimes

being covered with earth, but more often not, and from

these deposits, where favorable geological and topo-

graphical conditions obtain, the typhoid germ easily finds

its way through or over the ground into nearby wells,

which serve as sources of drinking water for one or more
families.

The attendants on a typhoid sufferer not infrequently

regard the urine of such a patient as innocuous, and since

t
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of the wells examined were contaminated with bacteria

which are always idontilied with sewage. There is no
doubt that a fair share of the annual typhoid grist comes
from the consumption of polluted well waters, either

through direct consumption, or through the contamination
of milk and other foods which are brought in contact
with them.

Wholesale Pollution of Public Water Supplies
VV'here the house of the typhoid sufferer is provided
with a convenient water closet, the temptation is

great for the attendant to eschew the disagreeable task
of effective disinfection, and the excreta,

without such treatment, arc summarily
dumped therein to find unimpeded transit

facilities to the nearest waterway, from
which others draw their water supplies. It

inay be that the sewage of such communities
is subjected to some form of purification

before it is allowed to flow into the nearest

waterway, but no form of treatment used
in any part of the world at all times actually

destroys all of the disease germs in such
sewages. It remains for those communities
whose water supplies are thus polluted to

purify them before consumption. If this is

carefully done, all is well ; if not, then there

is always a heavy endemic toll of tvphoid

fever in those communities, the sodden
monotony of which frequently is broken by
a spectacular epidemic.

Death Rate.—Dr. Allen W. Freeinan.

Assistant Commissioner of Health of Vir-

ginia, recently said :
—

*

We have learned by sad experience that the
measure of typhoid fever in any community is

the measure of the distribution of human filth

in that community, and that the dissemination
of human excrement will inevitably result in

the spread of typhoid fever. . . . The
problem is no longer an investigative or scien-

tific problem, but a problem of administration.
When the people of the United States wish to

pay for absolute protection against typhoid
fever it can be bought with the full assurance
that the goods can be delivered. As physicians
and sanitarians, we are most interested in the
practical question, can typhoid fever be pre-

vented ? We know that it can. We know that

our methods are certain, that they will yield

the desired result in every case where they
are properly applied. The problem remaining
for solution is how to convince the .American
people that protection from typhoid fever is

something worth spending money for.

3
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it is less trouble it is emptied into a nearby sink or out

of a back window. It has been positively demonstrated
that the urine of a typhoid patient may contain as high

as I to 500,000,000 typhoid germs f)er cubic centimeter,

or from 5 to 25,000,000 in a single drop, and this is

sufficient to show its very dangerous character, particu-

larly in the contamination of dug wells.

A summary of the results of a large number- of ex-

aminations made of wells located on farms in eastern and
western United States showed that at least 60 per cent.

Dr. Freeman estiinates that in the

northern part of the ' United States the

purification of all water supplies would

result in the reduction of the annual typhoid

rate to a figure usually less than twenty per

hundred thousand population, while in the

south the purification of the water supply

alone would seldom reduce the rate to less than fifty

per hundred thousand, other measures, such as perfect

sewering or rigid screening and supervision of dry

closets, being required to bring down the rate to the

point which could be reached in the north by water puri-

fication alone. Below this point, in the north and south

alike, reduction inust be attained by the thorough super-

*The Present Status of our Knowledge Regarding the

Transmission of Typhoid Fever, Public Health Reports, issued

bv the United States Public Health Service, January 10, 1913.
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vision of cases of illness, which means the requirement

of morbidity returns and the prompt notification of all

suspicious cases, protection of milk and other foods from
typhoid contamination, elimination of flies and their

breeding-places, control of typhoid carriers, and the use
of anti-typhoid vaccine wherever feasible.

Dr. Freeman's viewpoint is unquestionably sound,

hut in the broad analysis his estimates of what filtration

would do are perhaps a little too low. For years it has

been recognized that efficient filtration of the public water

supply of a community will result in a reduction of from

two-thirds to three-quarters in the typhoid fever death

rate, ^^'here the initial rate is high the percentage re-

duction following filtration of the water supply usually is

correspondingly high, as noted particularly in the cities

of .Albany, Cincinnati, Columbus, Lawrence, Philadelphia

and Pittsburgh. In these cities the average typhoid fever

death rate for the five-year periods before and after

filtration, respectively, showed a reduction of 76 per

cent., or a typhoid fever death rate per 100,000 popu-

lation of seventy-nine reduced to nineteen. The combined

result of water filtration in twenty representative cities

showed that filtration was followed by an average reduc-

tion in the typhoid fever death rate of 65 per cent.

Table 16.

Reduction in typhoid fever death rates in American

cities following the filtration of their public water sup-

plies (averages for five years before and five years after

filtration) :

—

Per cent, reduc-
tion in Typhoid
Fever Death
Rates which

Average Typhoid Fever followed the fil-

Death Rate traiion of the
Before After Public Water

City Filtration Filtration Supply

Albany, N.Y 109 28 74

Charleston, S.C 106 62 41

Cincinnati, 56 11 80

Columbus, 83 17 78

Harrisburg, Pa 72 33 54

Hoboken, X.J iS 13 28

Indianapolis, Ind 46 28 39

Lawrence, Mass no 23 79
Louisville, Ky 57 24 58

New Haven, Conn 40 25 38

New Orleans, La 39 26 33
Paterson, N.J. .; 29 9 69

Philadelphia, Pa 63 20 68

Pittsburgh, Pa 132 19 85

Providence, R.I 19 13 31

Reading, Pa 53 35 34
Scranton, Pa. 25 10 60

Springfield, Mass 22 22 o

Washington, D.C 55 31 43
Wilmington, Del 35 24 31

Weighted averages... 60 21 65

Among sanitarians there appears to be little, if any,

dissension from the view that modern filtration practices

actually eliminate the water-borne diseases, or typhoid

fever and allied disorders at the very least. That is to

say, where the plants are properly designed, well con-

structed, and intelligently operated, water filtration, in

practical terms, is one hundred per cent, hygienically

efficient.

Table 17.

Relationship between the increase in population sup-
plied with filtered water and the decrease in the typhoid
fever death rate in the registration cities of the L'nited
States :

—

Populations
Per cent, which filtered water

population was of

.2 "

o w
c <"

S .2

.2 "SCO

1900.. 21,477,000 1,860,000 2.4 8.7 36
I .. 22,146,000 2,400,000 3.1 10.8 34
2 .. 22,679,000 2,7oo,coo 3.4 1 1.9 37
3 .. 23,221,000 3,ioo,ODo 3.8 13.3 38
4.. 23,724,000 3,800,000 4.6 16.0 35
5.. 24,729,000 4,300,000 5.1 17.4 30
6.. 26,342,000 5,400,000 6.7 20.5 33
7 .. 27,145,000 6,300,000 7.2 23.2 32
8.. 28,501,000 7,500,000 8.4 23.3 25
9 •• 29,655,000 8,900,000 9.8 30.1 21

1910.. 21,342,000 10,805,000 ri.7 34.6 24
" •• 32,376,000 12,000,000 12.8 37.2 20
12 •• 33,304,000 14,100,000 14.7 42.4 16
13 • 34-230,000 16,500,000 170 j8.o 16

In Table 17 and Plate VIII. some instructive statis-
tics are presented to show how the urban typhoid fever
death rate has been reduced as water filtration developed.
The relationship between the two is strikingly propor-
tional, and holds out every good promise for the future.

FIRE PROTECTION ON RAILWAYS.

I he Board of Railway Commissioners' Fire Inspection
Department issued orders recently, under general order
107, directing the C.P.R., the Canadian Northern Rail-
way and the Grand Trunk Pacific Railway to maintain a
sufficient force of fire rangers for efficient patrol and fire

fighting duty on their lines, between .\pril i and Novem-
ber I, except in so far as they may be relieved from so
doing by an order in writing from an authorized officer

of the Board. The directions of the order are specific in

each case, and the areas within which the patrols are to
be maintained are fully set out. The directions to the
C.P.R. cover mileages on the Manitoba, .\lberta and
British Columbia Divisions ; to the Canadian Northern
Railway, mileages on the Central Division, and to the
Grand Trunk Pacific Railway, mileages on the Mountain
Division. For the supervision of the work, the Board has
appointed inspectors, located as follows: E. J. Zavitz,

Toronto; Thos. McNaughton, Prince .\lbert, Sask. ; P. C.

B. Hervey, Edmonton, .A.lta. ; E. H. Finlayson, Calgary,
Alta. ; D. R. Cameron, Kamloops, B.C. ; M. A. Grainger,
Victoria, B.C.; H. S. Irwin, Prince Rupert, B.C.; R. E.

.^llen, Hazelton, B.C. ; H. G. Marvin, South Fort George,
B.C., and P. S. Bonney, Tete Jaune, B.C. The object

sought to be obtained is the prevention of fires along rail-

ways, and to avoid as far as possible the imposition of

unnecessary expenditure upon the companies for that pur-

pose. An efficient system of fire patrol can be established

at a minimum expenditure, and as the conditions vary

from time to time and from place to place, the fire in-

spectors appointed by the Board have authority to waive

the requirements wholly or in part from time to time as

practicable. The order in each case calls for the minimum
of adequate protection.
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Milverton. Ont.—Un M;iy iSih Hydro-i:kLirio power

was luiiutl i>n here for the first time. The system is part

of an extension from Stratford, taking in the towns of

Milvtrlon, Listowel, Pahnerston and Harriston.

Calgary, Alta.—Assistant City Engineer Sidenius re-

ports that tiu' SL-cond main arch of the Centre Street bridge

will be finished this weei<. This leaves only one more arch

to complete. The bridge will he completed late in the fall,

it is thought. There has been some little delay in the work

in connection with the big fill on the north side. Earth-

work cannot be commenced until frost is out, but the

engineers hope to be able to start on June i. There are

110,000 yards of earth still to be handled.

Ottawa, Ont.—The government bill providing for the

purchase of the Quebec & Saguenay Railway, the Quebec

& Montmorency and the Lotbiniere & Mcgantic Railways,

passed the House of Commons last week. The govern-

ment's proposal provides for the fixing of the price which

is to be paid for the Quebec & Saguenay by the arbitration

of the Exchequer Court. The value is to be the actual cost

of the road less depreciation, but not to exceed $4,4^5,000.

In addition, the government is to assume the bonded in-

debtedness of the Quebec & Montmorency, the electric end

of the system, but not exceeding in all $2,500,000.

The Pas, Man.—Steel-laying has been resumed on the

last half of the Hudson Ray Railway on the 90-mile stretch

between Manitou Rapids and Kettle Rapids. The con-

struction company says the track will be at the Kettle

Rapids by .August i, where further advance will be de-

layed pending the erection of an 1,100-foot girder bridge

over the Nelson River. In any event the contractors are

sure to have the steel track laid into Port Xelson by next

summer at the latest.

Ottawa, Ont.—There is a likelihood that Dr. J- S.

Plaskett will be appointed chief astronomer for the Do-

minion. He is in charge of the new observatory at

Mctoria, B.C., where was installed recently the largest

telescope of its kind in the world. Dr. Plaskett went to

\'ictoria from the staff at Ottaw'a. The proposal is to

l<eep Dr. Plaskett at Victoria on account of the fact that

the observatory there is now the most important one in

Canada. In that case. Dr. Otta J. Klotz will be placed

in charge of the observatory at Ottawa, which he virtually

has been since the death of Dr. King.

Toronto, Ont.—A. D. MacTier, general manager,

eastern lines of the Canadian Pacific Railway Company,
has announced that the new North Toronto station vijll

be ready for use in June.

Dundas, Ont.—The formal opening of the public

utilities commission's new offices took place on May gth.

The building is of red brick and w-as erected by the Dick-

son Building Company.
Victoria, B.C.—.A number of new works were ap-

proved by the city council recently. One was the placing

of a quantity of rock before the Ross Bay seawall, thus

affording it extra protection. For this an appropriation

of $6,000 was ordered. For necessary work on Douglas

Street a $1,000 vote was authorized. It was decided

also to make some repairs to the James Bay Causeway
landing, and for this purpose the expenditure of $250 was
approved.

St. John, N.B.—The city of St. John, N.B., has

adopted as standard time that of the forty-fifth meridian.

one hour faster than tlial ol the sixtieth meridian, which

heretofore has been used. This change is made at this

time with a view to making it easy for everylx)dy to adjust

his day's work so as to get into it the maximum number

of hours of daylight. The Canadian Pacific, which runs

to St. John, uses, at present, Eastern Standard time,

hitherto one hour slower than the time used in the <ity ;

and now, unless it changes, the road's clocks will be two

hours slower than those showing city time.

Calgary, Alta.—The one-year power agreement be-

tween the <ity of Calgary and the Calgary Power Company
for power needed abo\c 3,000 horse-power has expired.

The city is now taking only 5,000 horse-power from the

power company, and power needed over and above this

amount is being generated at the city power-house. Gas
is being used at the present time as fuel. Power Engineer

J. F. McCall has recommended that the agreement be not

entered into this year, believing it to be a better policy for

the city to use its million-dollar power plant to develop any

power needed above the 5,000 horse-power maximum con-

tracted supply.

Ottawa, Ont.—The revised plans for the new Parlia-

ment Buildings carry out the present architectural design,

and, as a matter of fact, are in accord with the original

design for the building, which contemplated four stories

instead of three. No change is made in the plans for the

interior grouping of offices. Commons and Senate cham-
bers, etc., as submitted in the architects' plans of a month
or so ago. The new upper story will be devoted to res-

taurant accommodation and additional rooms for the

members. From the architectural standpoint the raising

of the building is an improvement, according to the archi-

tects. The additional cost is estimated at something over
$1,000,000.

Listowel, Ont.—Hydro power was turned on for the

first time on May 28th.

Sarnia, Ont.—The city of Sarnia has taken over the

power plant and lines of the local electric company, and
will operate it until Niagara power arrives in a couple of

months. The plant will be changed from a 60-cycle power
to 25 as soon as the Hydro arrives. The Hydro trans-

mission line is now* nearing Sarnia.

Montreal, Que.—The new subway on Park .\venue at

the corner of \'an Home Avenue, actual construction on

which was commenced on May 6, 191 5, has been opened
for traffic purposes. Laurin and Leitch were the con-

tractors, the price being $176,000. Seven separate tracks

of the C.P.R. run over the subway bridge, which is 80

feet wide, 900 feet long and 17 feet 5 inches from the

ground. While authorization was given for the construc-

tion of the subway in 1909, it was the winter of 1914-1915

before the work of diverting sewers was commenced.

South Vancouver, B.C.—The George Street sewer will

be completed in the early part of June. It is also expected

that the laterals in Wards 3 and 4 w-ill be completed by

the end of June.

Ottawa, Ont.—Hon. F. G. Macdiarmid, Provincial

Minister of Public Works, Toronto, has instructed a

survey to be made shortly of the proposed Ottawa-Prescott

highway, approximately 60 miles in extent. .After the

survey has been made and all the data collected it is likely

that a commission will be appointed, the highway declared

a main road, and come under general legislation.

Angus, Ont.—Col. Low, who has charge of the con-

struction at Camp Borden, informed the Militia Depart-

ment that he has struck another gusher flow of water of

over half a million gallons per day pouring out of a two-

foot pipe. This ensures a magnificent water supply.
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THE FLUXING OF ASPHALT. MONTREAL AQUEDUCT SCHEME APPROVED.

In an early edition of The Canadian Engineer there

will appear an article, by a well-known authority, explain-

ing how asphalt can be easily fluxed to any desired

penetration.

It is generally recognized that any properly refined

asphalt, whatever may be its penetration, can be brought
to any given higher penetration without difficulty and
without doing any harm whatever to the asphalt, pro-

vided that a true asphaltic flux is added. It is apparent,

however, that all municipal engineers in Canada do not

yet realize this fact, because one Canadian city recently

paid 87,900 for 300 tons of fluxed asphalt of about 60

penetration, when they were offered an exactly similar

asphalt, of 47 penetration, for $5,800. By doing the

fluxing themselves, the city could have saved upwards of

$2,000. But the city refused to consider any unfluxed

material.

Incidentally, the specification issued by this particular

city rherely mentioned "refined asphalt" and did not call

soleh- for fluxed asphalt. Xor was the required penetra-

tion stated anywhere in the specification, so that it was,

to a certain extent, guess-work for any firm to bid on a

fluxed material, not knowing to what penetration it would
have to be fluxed. Moreover, no specification was issued

defining the fluxing material to be used, thus allowing the

possible use of light paraffin oils.

In view of incidents of this nature, we feel that an

article reviewing tTie entire situation as regards fluxes and

fluxing, will be of general use and interest.

PREVENTION OF TYPHOID.

.\t the convention of the .A.merican Waterworks
.A.ssociation, which is still in session in New York City as

we go to press, a noteworthy paper entitled "The Typhoid
Toll" was read by Mr. George A. Johnson, consulting

engineei". New York. \\'hile it is impossible to print the

paper in its entirety, we have in this issue reproduced such

portions of it as are of particular interest to readers of

The Canadian Engineer. From this extract it will perhaps

be possible for our readers to realize with what care and

thoroughness Mr. Johnson has gone into his subject.

Municipal engineers, especially those directly in

charge of water supply, very frequently have to expend a

great deal of effort to convince civic authorities of the

economic waste resulting from impure water. The
statistics which Mr. Johnson has produced and placed in

proper sequence are most impressive, and should be quite

sufficient to convince those who are responsible for the

appropriation of monies for waterworks construction and

maintenance, that typhoid fever, which is altogether too

common in many of our communities, can be successfully

prevented.

The results of water purification, as Mr. Johnson

most convincinglv shows, always give a large balance

on the right side of the ledger. Where one dollar is

spent for pure water, many dollars are saved in the form

of vital capital through the prevention of sickness and

death.

.Vfter the de\elopments of the past three weeks, it is

very unlikely that any change will be made in the Montreal
aqueduct scheme.

On May 26lh Controller Cote, who has charge of the
Montreal works department, seemed partially to admit the
need of some outside opinion being brought to bear upon
the undertaking. He gave notice that on May 29th he
would introduce a motion to appoint J. G. Sullivan and
M. J. Butler as consulting engineers to advise .Mr. Mercier
whenever their advice might be needed.

When the time for his motion arrived, however, the
controller failed to make it, and instead introduced to the
Board of Control G. W. Fuller and J. M. Gregory, con-
sulting engineers of New York City. .-Iccording to news-
paper reports, these gentlemen advised the controllers
that the aqueduct scheme is a feasible commercial under-
taking, and that the completion of the work should be
left entirely in the hands of the city's engineers.

-A.fter several days of discussion, Mr. Cote withdrew
his motion, and then Controller \'illeneuve moved that
Mr. Sullivan and .\. St. Laurent be invited to report upon
the whole project. .As only Controller Ross supported
him, the motion was defeated 3 to 2.

There are many very able men in the Montreal citv

engineering department, particularly the chief engineer.
But they have inherited a scheme to which birth vi-as given
by their predecessors, and having become foster-fathers
to the undertaking, they have assumed—perhaps unwiselv
—full responsibility for their adoption. Considering the
large amount involved, and the heavy capital expenditures
per expected horse-power, it would have been desirable
for the "Montreal board to have passed Controller \^ille-

neuve's motion.

Messrs. Fuller and Gregory must have information
not available to the general public, otherwise engineers of
their repute surely would not have declared that the
scheme is commercially feasible. Their O.K. upon the
work and the plans has apparently ended the matter.

Montreal must now sit back and pull straws to determine
whether it is headed toward bankruptcy or toward
prosperity effected through savings in light and power
bills. .After all, it's only the twentieth century and there's

lots of time left yet for Montreal's government to

progress

!

SOO CANAL LOSES TRAFFIC.

Chiefly because the L^nited States has constructed a

large lock at -Sault Ste. Marie, traffic through the canals

of Canada last year decreased 58.9 per cent. In 191 4, the

traffic totalled 37,023,237 tons and in 1915, only 15,198,803
tons. The Sault Ste. Marie situation was responsible for

91 per cent, of the decrease.

In his annual report on canals, just published, .Mr.

J. L. Payne, comptroller of statistics, department of rail-

ways, Ottawa, p)oints out that of the decline of 19,848,227

tons at the Soo, 1,049,241 tons were in Canadian boats

and 18,798,986 tons in LTnited States boats.

This meant a loss to the Canadian canal of 5.1 per

cent, of the Canadian traffic and 94.9 per cent, of the
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United Stales tiallic. Tlie cause ol these losses was the

that the new lock on the United States side has a much
larger capacity than the lock on the Canadian side.

There are now three locks on the United States side

of the St. iMary's River, the last to be opened ha\ing a

depth of 24.5 feet at extreme low water. There is but one

lock on the Canadian side, with a minimum depth of 18.25

feet. The ease of navigating the heavier loads through

the new United Slates lock drew nearly all the iron ore

and a good deal of wheat away from the Canadian canal.

PERSONAL.
R. H. BR.\XD, C.M.G., has been appointed an

additional member of the Imperial Munitions Board, to

act as the representative of the board in London.

T. A. J.^RDIXE FORRESTER, city waterworks
engineer, has resigned, having received orders from Eng-
land to return home to rejoin his regiment for active

service.

THOS. MAXWELL FYSHE, A.M.Can.Soc.C.E., a

prominent contractor of Calgary, .Alta., has become Cana-

dian manager for Gunn, Richards & Company, production

engineers.

H. \-ICTOR BRAYLEV, C.E.. has resigned as

Canadian manager for Gunn, Richards & Co., to accept

a position as executive assistant to Mortimer B. Davis, a

prominent Montreal manufacturer and capitalist.

Sapper NATHANIEL A. BURWASH, 6th Brigade,

Canadian Engineers, who has been reported among the

list of wounded, was born in Cobourg, Ont., and gradu-

ated at Toronto University in Mining and Engineering.

Lieut.-Col. C. H. MITCHELL, of the general staff,

and Major THOS. C. IRXTXG, of the Canadian En-
gineers, were among those who received birthday honors

conferred by King George last week, both of them re-

ceiving the D.S.O.

STANLEY H. ROSE, until recently in charge of the

X^ew York office of the Bureau of Foreign and Domestic
Commerce of the Department of Commerce, has been
engaged by the Barber Asphalt Paving Company to direct

its foreign trade department.

G. S. KELLEY, formerly with the Digger Machinery
Co., Inc., has recently been appointed sales representative

of the John F. Allen Co. , of New York City, in connection
with the new department they have established for the

manufacture of coal-handling and hoisting machinery.

W. J. REXIX, district master mechanic of the Cana-
dian Pacific Railway at Revelstoke, B.C., has been ap-

pointed master mechanic of the Saskatchewan division,

with headquarters at Moose Jaw, Sask. He is succeeded

by A. BROWX, formerly district master mechanic at

Winnipeg, Man., who in turn is succeeded by G. TWIST,
locomotive fireman at Fort William, Ont.

OBITUARY,

Major XORMAN C. PILCH ER. whose death in

action was recently announced, was formerly general
manager of the Sherbrooke Railway and Power Company.

A. N. MUNGALL, rivil engineer, who was engaged
in the construction of the Xational Transcontinental and

other lines, died recently at his home in !• jctlericlon, .\.B.,

at the age of 28 years.

HUGH F. COYLE, formerly superiniendeni of the

Belleville division of the Gr.ind Trunk Railway, and later

general suptrinlcndent, died suddenly last week in his

private car while returning liome from a visit to his son

at Meadville, Penn.

SIMPSOX FLEMIXG, who died in Ottawa recently

at the age of 89 years, was the first superintendent of the

Ottawa waterworks, and constructed ihe first system of

mains to be laid. He served with both City Engineers

Keefer and Surtees, and held his waterworks position for

30 years, retiring 15 years ago. His advice was frequently

sought since on waterworks matters, and he went to

Arnprior for a time to conduct an inspection of the water-

works system there. The late -Mr. Fleming came to

Canada when 20 years of age from County ...rmagh,

Ireland.

ENGINEERS' CLUB OF MONTREAL.

The Engineers' Club of Montreal shows a most

prosperous financial statement for the year ending March

31, 1916, with net profits of $12,805. The profits were

applied to writing off portions of the general equipment

account, furniture and fixtures account, etc., from 20 per

cent, to 33^ per cent, being written off each account.

The club now has assets totaling $281,000, and a surplus

of assets over liabilities of $91,000.

There are 515 members on the roll, including 19 who
are on active military service overseas. Four members
were killed in action during the year, namely. Major J.

N. Warminton, Lieut. W. C. Brotherhood, Lieut. A. F.

Revol and Major Geo. Janin.

Henry Holgate is president of the club and R. W. H.

Smith, secretary. The executive committee consists of

Lawford Grant, J. M. Miller, John C. Russell, Julian C.

Smith, R. M. Wilson, Leslie H. Boyd and E. Herb.
Brown. The statement speaks very well for the support

that the engineers have given to the club during the past

year.

ENGINEERS' CLUB OF THOROLD.

The Engineers' Club of Thorold is the name of a new
organization, the purpose of which is to bring together in

a social and professional manner the numerous members of

the Welland Ship Canal engineering and contracting staff,

on all the sections, and prominent residents of Thorold
and .St. Catharines whose business associates them with

the engineering profession. The club has secured suitable

quarters at 55 Chappel Street, Thorold, which have
been newly decorated and furnished throughout, and
a steward is employed at the club for the furnishing

of meals. It also provides lodging for members. The
membership of the club is about 70, the officers being
as follows: Honorary president, Mr. J. L. W'eller,

engineer-in-charge, Welland Ship Canal, St. Catharines

;

president, Mr. E. G. Cameron, resident engineer. Section

No. 3, Thorold; vice-president, Mr. F. H. Keefer, K.C.,

Canadian counsel for International Joint Commission

;

secretary, Mr. H. L. Clifford, assistant resident engineer,

Section No. 3, Thorold; treasurer, Mr. J. .\. Elliott,

manager, Royal Bank, Thorold.

It is proposed from time to time to have papers pre-

sented to the club which would be of interest to members
of the engineering profession.
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WATER POWERS ON THE WINNIPEG RIVER
POSSIBLE COMMERCIAL OUTPUT OF RI\ER CONSIDERABLY EXCEEDS HALF MILLION
HORSE-POWER—MINIMUM FLOW OF TWENTY THOUSAND SECOND-FEET OBTAINABLE
AT ALL SEASONS— RE\IEW OF REPORT BY DOMINION WATER POWER BRANCH.

WHILE Canada is endowed with a great natural

resource in its water piowers, a very small per-

centage of the total power available has been so

far developed and used. But in the development
that has taken place, Canadian financiers by their fore-

sight ; Canadian engineers by their skill ; and Canadian
go\ernment officials by their co-operation, have blazed a

trail that can

be equalled by

few other coun-

tries, and sur-

passed by none.

It has only
been in recent

years that
Canadians have
wakened to the

knowledge of

the tremendous
natural advan-
tages that Can-
ada has in her

extensive a n d

fortunately lo-

cated water
powers. In
most provinces

of the Domin-
ion, this awa-
kening has re-

sulted in a sin-

cere and suc-

cessful endea-
vor to become
fully informed

of all aspects of

the water power
situation, in order that proper provision should be made
for investigation, administration and ultimate development.

There is no part of the Dominion where the ad-

vantages and opportunities of water power are more ap-

preciated than in the provinces of Manitoba, Saskatchewan
and Alberta. In this territory the water powers are ad-

ministered by the Department of the Interior through the

Dominion Water Power Branch, which branch has, since

its organization eight years ago. made thorough recon-

naissance investigations of all the water powers in the

present settled portions of the prairie provinces, and most
of the water powers on the more important rivers in the

hinterland. On some of the rivers close to existing com-
mercial centres, such as the Bow River in the province of

Fig. 1.—Pinawa Channel, Winnipeg River.

Sixteen miles below Slave Falls the river is broken into two channels. The main flow

is through the Seven Sisters reach. The lesser flow is through the Pinawa Channel,

operating the Winnipeg Electric Railway Company's plant. This was formerly a high
water by-pass of the main river. The illustration shows some of the rock cutting

that was necessary to straighten and deepen this channel.

Alberta,* and the Winnipeg River in the province of

Manitoba, it was early found, necessary to have a thor-

oughly complete investigation made of the topographic

and hydraulic features of the whole power situation.

The most elaborate and extensive investigations that

the Water Power Branch has carried on, have been con-

tinuously under way for over four years, under the im-

mediate direc-

tion of J. T.

Johnston, chief

hydraulic en-

gineer of the

branch. A com-
plete report of

these investiga-

tions has just

been issued,
under the title

of "Water Re-

sources Paper
No. 3." The
results of the

investigations

are of great in-

terest from en-

gineering, in-

dustrial and
economic stand-

fMjints.

The investi-

gations show
that it is pos-

sible to develop

on the Winni-

peg River, at

9 power sites,

420,000 con-
tinuous 24-hour horse-fKDwer. This is sufficient power to

meet the ultimate requirements of the city of Winnipeg
for many j'ears to come.

The report on the \\'innipeg River powers is unique

in scope and arrangement. Every possible aspect of the

power situation has been gone into carefully, and the re-

sults are tabulated in convenient form.

*Reference was made in The Caiiaditjn Engineer, issues

of November 26th and December 3rd, igi4, to the investiga-

tions along the Bow River, which show conclusively that it is

possible to develop at five sites on the Bow, River, a total

of 55,000 continuous 24-hour horse-power, and all within a

very short distance (about sixty miles) of the city of

Calgary.
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Apart, lio\\fV(.r, Ironi the import ilsc-ll, Ihc comprt-
hcnsive scheme of development of the wliole river, realiz-

in^ij the uest pt)ssible use of the natural advantages of the

river for power purposes, is so feasible, and of such im-

portance to the \\'cst, that a liberal review of the power
studies will undoubtedly bo of general interest.

Winnipeg River Basin.—The basin of the Winnipeg
Ri\er forms a portion of the Nelson River drainage
system. The watershed is 53,500 square miles in area, of

which 37,qoo square miles lie in the province of Ontario,

4,(X)o square miles in the province of Manitoba and 11,000

square miles in the State of Minnesota. The basin is,

therefore, international as well as interprovincial, and con-
flicting problems arise in connection with storage regula-

tion in the upper reaches.

The upper waters are divided between two drainage
systems, the English River draining the northerly 21,600
square iniles, and the upper reaches of the Winnipeg
draining the southerly 27,000 square miles. The entire

watershed is \ery sparsely settled, and a large proportion

offers little opportunity for agricultural settlement. Tin-

larger part of the basin consists of a forest-covered lauren-

tian formation with much granite outcropping, and is in-

terspersed with lakes and muskegs and occasional

stretclies of agricultural land. Practically the entire basin

is seamed and dotted with lakes of every size, from mere
ponds to the 1,500 square mile spread of the Lake of the

Woods.

Situation at Ucginning of Survey.—.\t the time when
llie power and storage investigations along the Winnipeg
Rixer were instituted by J. li. Challies, superintendent of

the Dominion Water Power Branch, the hydro-electric

plant of the Winnipeg I\lectric Railway Co. was in

operation on the river, and the initial installation of the

Winnipeg municipal plant was approaching completion.

The Winnipeg Electric Railway Co.'s plant is located

on the Pinawa channel of the Winnipeg River, about 58
miles from W'innipeg, and has installed a total turbine

capacity of 34,000 h.p. This, in conjunction with the

22,ooo-h.p. steam turbine plant in the city, supplies power
for distribution in \\'innipeg.

The city of Winnipeg in 1908 began the construction

of a municipally owned power plant at Point du Bois, on
the Winnipeg River, distant 75 miles from the city, and
at the time of the commencement of the survey, was com-
pleting the first turbine installation. Eight units with a

total turbine capacity of 47,000 h.p. are installed to date,

and additional bays are partially constructed to accommo-
date eight further units when the market demands. The
power is transmitted to Winnipeg for general lighting,

industrial and domestic use.

With the power from these two sites either developed
or in course of development, the department was in re-

ceipt of numerous applications covering other sites along
the river. It was, no doubt, realized that further hydro-
electric development on the river was a matter of the im-

LEGEND

Surplus water available for atorsQ

t^^-M Water drawn from Storage

[^

nnnn

Required from the Lake of the Woods
to mo.ntoin 20.000 second feet f'ow
erid ectuatly diacherged

Discharge necessary to operate the
Power installations at the Outlets of

the l-ake

Fig. 2.—Mass Curve Study— U.se of Lake of the Woods as a Regulating Reservoir, and the F.ffect of Such
Regulation on the Surface Levels.

[Note:—In this analysis it has been assumed that a minimum flow of 20,000 second feet is maintained throughout the
power reach of the Winnipeg River in Manitoba, by means of rcKulatijns in the Lake of the Woods reservoir alone. At
the same time sufficient v/ater has been discharged at all times.to operate jiroperly the power installations at the lake outlets.]
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mediate future, and that if a comprehensive policy were

to be mapped out into which new developments could be

incorporated as component units, there could be no delay

in commencing the investigations. So, early in 191 1 a

survey part}- was placed in the field.

Scope of the Investigation.— It was intended that the

investigation should be sulliciently extensive in scope to

furnish the department with all information and data

necessary to design a power scheme suitable for the de-

velopment of the entire water resources of the river in

the province of Manitoba. This necessitated extensive

investigation into the storage resources of the upper water-

shed. The scope of the investigation was therefore out-

lined to include the following:

—

.V preliminary reconnaissance of the power reach ; a

continuous base profile ; detailed contour surveys with

soundings of all falls or rapids at which power concentra-

tion was possible ; contour surveys of the river banks
throughout the entire power reach ; determination of the

best points of concentration ; design of power layouts for

such locations ; estimates of capital and operating costs

of proposed plants ; establishment

of metering stations at strategic

points ; estabUshment of evapora-

tion stations ; study of existing

rainfall and temperature records
;

investigation into the question

of storage in the upper water-
shed ; study of prior water rights

and relative value and effect

of same ; comprehensive provision

for future navigation ; close study

of all existing power plants and_

interests ; study of present mar-
ket conditions and future pros-

pects ; investigation into cost of

power from coal, gas and oil

;

recommendations for the carrying

out of an aggressive policy of de-

velopment ; and recommendations
insuring government supervision

over regulation, both in connec-

tion with individual power plants

and of the storage conditions as

a whole.

River Discharge.—Owing to the

extensive forest cover and to the

innumerable lakes throughout the

watershed, the Winnipeg River is

naturally one of the best-regulated

rivers on the continent. In a normal year the flood flow

seldom exceeds four times the minimum. Continuous dis-

charge records are availaljle at Sla\e Falls in Manitoba, at

the outlets of the Lake of the Woods, and at Fort Frances,

from the beginning of 1907 to date. Actual records over

this perjod show a minimum flow of 11,700 and a maxi-

mum of 53,440 cubic feet per second in the power reach

in Manitoba. Well-defined water marks along the shores

would indicate that a flood of possibly 100,000 second-feet

has taken place in the past.

While the natural regulation of the run-off is excellent,

there are fine facilities for aiding nature by utilizing reser-

voir opportunities in the upper basin. Among these

natural reservoirs might be listed : Lake of the Woods,
1,500 square miles in area; Rainy Lake, 330 square miles

in area ; Namakan Lake, too square miles in area, and
Lac -Seul, 340 square miles in area.

A review of the run-off records and a study of the

storage opportunities warrants the conclusion that a

systematically controlled regulation of the reservoirs in the

upper watershed will increase the minimum dependable
flow in the power reach to 20,000 cubic feet per second.

The splendid facilities of the Lake of the Woods as a

storage reservoir are best illustrated by the mass curve,

Fig. 2, in which an assumption is made that the lake had
been so operated since 1907 (from which date discharge
records are available) as to maintain' a dependable flow of

20,000 second-feet in the power reach of the Winnipeg
River in Manitolia, and at the same time maintain an out-

flow from the lake, at all times amply sufficient to meet
the needs of the existing power developments at the lake

outlets. The mass curve indicates that with systematic

supervision, these ends could have been attained with a

maximum change in the surface level of some 3.1 feet

during the period, against a change of 5 ]A feet which has
actually been experienced v^ith the unsupervised regula-

tion which has been maintained. It might also be noted
that the cycle considered covers a prolonged period of

exceptionally low run-off.

Field and Office Investigations.—In June, 1911,

iWBWW,

.•>l*;,-<:

Fig. 3.— Pine Falls, Site of Proposed Power Station.

Initial development proposed. 60,000 h.p. ; final development, 100,000 h.p. Capital cost

per h.p.—$50.95 for initial installation, $44.07 for complete installation.

active field work was commenced by running a continuous

line of base levels, to sea level datum, from Lake Winni-
peg to the Lake of the \\'oods. While this was under way
a preliminary reconnaissance was made of the entire power
reach and the necessary steps taken to continue systematic

field studies. .A.ctual contouring was commenced in Sep-

tember at Du Bonnet Falls and was thereafter continued
systematically until the entire power reach was covered.

Detailed attention was given to all falls and rapids

and possible points of power concentration. The survev

work was plotted in the field to a scale of 400 feet to the

inch, on standard sized sheets 30 by 37 inches, fifty-five

sheets being necessary to cover the power reach from Lake
Winnipeg to and including the pond of the Point du Bois

plant. Detailed plans to a large scale were made of all

important locations.

This immediate plotting on the ground was greatlv

a^ied by the loose-leaf field note books adopted throughout
the work. Standard sized leather covers with 5 x S-inch



ojS THE CANADIAN ENGINEER Voliiiin; 30

fillers siiiiably printed ;iiul 1 ulid loi- transit, stadia :in<i

level work were pro\ided. The loose leaves lent them-

selves readily to a simple tiling system on which the

records of the sin-vey were properly grouped and were at

all times available for instant reference.

The finished tracings were forwarded to Ottawa as

completed, where immediate study was given to the design

of a comprehensive jiower system utilizing the river's

possibilities to maximum advantage.

Upon the completion of the tentative study of the

layouts, a further reconnaissance was made of the actual

sites selected, and additional details as to rock surface,

etc., were secured.

General Conclusions.—The general conclusions reach-

ed as a result of the entire investigation are that full

realization of the power resources of the Winnipeg River

in Manitoba is possible only through an exhaustive

measure of run-off control, and feasible only through the

establishment of storage reservoirs in the upper watershed.

Due to the conflicting requirements of the lumber, fishing,

navigation and pow-er interests represented in the water-

shed, a proper run-off control satisfactory to all can best

be insured by some central governmental authority

possessing the full confidence of all interests affected, and

having entire authority over all questions affecting lake,

reservoir and pond levels, and over all questions of river

flow and of discharge requirements.

This authority can only be properly exercised through

government-owned or operated storage reservoirs. In

conjunction with this control, full realization of the power

resources of the Winnipeg River in Manitoba is only at-

tainable by a power system in which each developed site

forms a component link in a comprehensive scheme looking

to the development of the entire river reach. Due to the

interdependence of a series of hydro-electric plants, such

as is proposed, and to the conflict of head and tailwater

elevations, satisfactory operation can only be realized

through an independent supervised control over local pond

regulation. The full conservation of the power resources

of the watershed requires also the institution throughout

the watershed of a systematic policy looking to a proper

preservation of the forest cover w-hich now so effectively

assists in the natural regulation of the river flow. Con-

sistent steps to these ends have already been taken by the

Dominion W'ater Power Branch.

In laying down a complete system of hydro-electric

development for the power reach, two outstanding

features compel first consideration, i.e., the existence of

the two hydro-electric undertakings of the Winnipeg
Electric Railway Co., and of the city of Winnipeg, re-

spectively. With these two plants already in existence,

and after fully protecting their interests in all .respects, it

has been possible to divide the remainder of the river drop

into seven concentrations for power development, having a

total possible output of 175,000 continuous 24-hour horse-

power available at 75 per cent, efficiency under the present

unregulated minimum flow, and 313,000 continuous 24-

hour horse-power available from the proposed 20,000

second-foot dependable minimum flow under regulated

conditions.

Including the two existing developments, the total

resources of the power reach at nine sites are 249,000

and 418,000 continuous 24-hour horse-power under the

above respective conditions of flow.

As these totals are given in term> <il 24-hour

]X)wer, they give a rather limited estimate of the

river's resources, particularly in view of the fact that

each proposed plant has ample pondage facilities to

handle anv peak load which may be anticipated. What

m;iy be called commercial ouljjul might, therefore, be

considered as very greatly in excess of the alx)ve figures.

|NoTF.—The reader's attention is called to the

lirief advance review of this report that was publishe<l

in the June ist, igi6, issue of The Canadian Engineer,

containing some data to which the above is supplemen-

tary ; also to the seven-page article in the February i2tli,

1014, issue of The Canadian Engineer, in which was

included a plan of the existing sites and possible sites

on the Winnipeg river, a profile of the river, and views

of the following falls: .Seven Sisters, Second Mc.Xrihur,

Pine, Silver, and Grand du Bonnet.

—

Editor.]

TFSTS 01 FLAT SLAB CONSTRUCTION.

W. W". Pearse, city architect and superintendent of

building of the city of Toronto, will co-operate with Prof.

Peter Gillespie, of the University of Toronto, in conduct-

ing a test of the flat slab construction at the new Simpson

warehouse, Toronto. The test will be quite extensive and

will cost approximately $1,000. .\n endeavor will be

made to determine accurately the stresses in the concrete

and in the reinforcing steel.

The Siinpson building is designed according to the

Chicago by-law. The test will be completed in .August,

1916, and later in the year a similar test will be conducted

in connection with the new factory building for the T.

Eaton Co. , Toronto, which has been designed in ac-

cordance with the Philadelphia by-law. These two tests

should give a most interesting series of comparable results.

SHIPBUILDING IN BRITISH COLUMBIA.

The British Columbia Legislature is considering ;v bill

to aid the development of the shipbuilding and shipping
industries in the province. Two schemes are embodied, one
providing for assistance in the building- of wooden ships, and
the other a bonusing of cargoes taken from British Columbia
ports for ten years after the conclusion of the war. .A com-
mission of three is to be appointed for the administration

of the act, one of whom is to be the Minister of Finance,

who will be unpaid, the other two being salaried. The scheme
for providing financial assistance for shipbuilding covers

advances to the extent of 55 per cent, of the value of the

plant and of whatever ships may be built, and will be for

a period to be determined by the commissioners, who will

exercise considerable control over the construction and sub-

sequent operations of vessels so built, which will remain
under the commissioners' control in the same manner until

the loans are repaid in full. The second form of assistance

is designed to keep the vessels under the commissioners'

control returning to British Columbia, to ensure an outlet

for British Columbia products. It is proposed to grant a

bonus of $5 a ton for ten years on all cargoes, based on the

dead weight, taken from British Columbia ports. The ad-

ministration of the act, when it becomes effective, will be

almost solely under the Government control, as practically

every act of the commissioners is subject to an order-in-

council.

.Vn immense amount of construction work is going on

behind the French lines. .A.11 old highways are kept in per-

fect repair and thousands of miles of new roads are con-

structed. In the region called the Champagne Pouilleuse the

road question was a particularly difficult one. Loads of

stones were swallowed up without much effect. So logs are

laid side by side and corduroy roads built. There are

hundreds of miles of these corduroy roads and over them
pass heavy artillery, motor trucks filled with shells and other

large vehicles. In this district the military engineers have

had to bore hundreds of wells, for good water is a rarity. To
do this, gangs of professional well sinkers were selected from

the mobilized '.nldiors, .nnd the country is now covered with

their cases.
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SEWAGE TREATMENT STUDY FOR NIAGARA
FALLS, ONTARIO.

By H. S. Philips, A.M.Can.Soc.C.E.,
Formerly Assistant Engineer, Sewer Dept., City of Toronto.

DL'RIXCi the summer of 1915, the writer was loaned

In- the city of Toronto Works Department to the

engineering- staff of the International Joint Com-
mission, for the purpose of assisting in sewage

treatment and interceptor studies. The following notes

regarding Niagara Falls, Ont., which are condensed from
my report to the consulting sanitary engineer of the Com-
mission, may be of interest to readers of The Canadian

Ensineer

:

—

The 1950 densities, as computed from present-day

drainage areas, are greater than are warranted by the

present characteristics of this city, but are intended to

include provisions either for annexation of city area or for

inland extensions of sewerage districts.

Water consumption records are available from the

year 1896 to the present date, but until November, 1913,
were based upon plunger displacement, and owing to

breaks in counters and in other parts, the data are incom-

plete and unreliable. Detailed studies were, therefore,

confined to records since November, 1913, when a Venturl

meter was installed. These records show a total pumpage
of 1,287 million U.S. gallons during 1914, which is

equivalent to a daily average of 3.53 million gallons, and
to a per capita consumption of 307 gallons per day.

^ interceptor

BaMe
ZVrf^/et/nf ve/t

Storm orcrfhr' iMi'r

Fig. 1.—Niagara Falls, North End Imhoff Tank Plant.

The city of Niagara Falls, Ont., is located on the

Niagara River, about one-fourth mile below the Horseshoe
Falls. In addition to its character as a stopping point for

tourists, the city is chiefly a hydro-electric power generat-

ing centre, though containing a few important industries.

The corporate limits in<-lude about 1,630- acres and
extend 2.7 miles along the river. The river frontage is

well built up with residences, but the major development

of the city is centered in the northwesterly section.

Forecast of population has proceeded along two lines,

including for collector design an increase paralleling that

of the American city and adjacent territory. For treat-

ment works figures the past performance of this city,

together with percentage increases of Berlin, Guelph, and
Brantford during corresponding periods of growth, have

led to a population for 1930 of 18,000.

The figure of 307 gallons per capita daily may be ex-

pected to yield an average run-off of 95 per cent, of this

figure, or 292 gallons per capita per day, the balance being
an estimate of that portion of the total supply lost in lawn
and street sprinkling and in processes of manufacturcv

The particular expression of the ratio has been obtained

from studies made in Buffalo as modified to meet local

conditions.

The application of the maximum rate of flow of 160

per cent, to the average rate of water consumption sewer
discharge of 295 (292) gallons per capita daily gives a run-

off of 467 gallons, or, as rounded off, 470 gallons per head
per day, which is the figure that has been used for collector

design.

l-'or drainage purposes the city is at present divided

into four districts, which are fairly well sewered. There
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being four oxislint; oullfis, it is feasible to treat the

scwajjc at four ilifferent sites, or else to collect from two
or more outlets and carry to one or more disposal plants.

From the administrative and operative pioint of view a

single central plant is the preferable, but in the present
instance the relatively low elevation of the Bender Street

outlet would make very costly any collector to combine
the sewage of this district with that from the balance of

the city, .\ccordingly, it has been planned to treat the

Bender Street sewage locally at works on the clifT side

close to the present outlet.

The remaining outlets can be readily combined by means
of an intercepting sewer, which would cost in the vicinity

of $j!5,oc)o. In other words, the expenditure of 835,000
would permit of the <-onstruction of one treatment works
instead of three, and in addition to the consequent material
saving in plant-construction costs would secure a lessening
of labor charges due to the concentration and localization

of the work. Also, the constructibn of an interceptor
would harmonize with future sewerage development with-
out additional construction, except for plant enlargement,
whereas the subdivision scheme would necessitate either

a new plant for each new outlet or else the construction
of part of the collector proposed under the present plan.

/•nrOiw MHAJ*

FALLS. ONT.

TANK STUDY

Fig. 2.—Bender Street Imhoff Tank Plant.

For these reasons treatment at one site is favored save in

the case of the Bender Street sewage, as before noted.

A gorge side situation is at first sight objectionable
from the point of expense and of difficulty of construction,
but has been selected as more economic than inland sites

requiring pumping, or than a northerly location which
would require a long interceptor to secure gravity dis-
charge. The gorge side topography consists of a slope of

40 degrees inclination extending from the river edge to a
vertical cliff some 60 feet high. The foundation material
is limestone, seamy but solid. At Bender Street the slope
is covered with 5 or 6 feet of loose rock and boulders, but
is bare at the northern site.

The land included within the Canadian gorge limits
is under the jurisdiction of the Queen Victoria Park Com-
mission, and inasmuch as the works proposed will in no
wise mar the picturesqueness of the locality, it is probable
that the use of area sufficient for disposal works can be
secured without expense to the city.

The interceptor has been located on the River Road
commencing at .Seneca Street outlet and continuing to a

drop shaft at Park Street, in order to avoid deep rutting;
and thence to the outlet near Orchard Street, with a drop
pipe to a treatment works located below the cliff.

Flat grades combined with a minimum velocity of 23/2

feet per second have been used m the design of the inter-

ceptor. The velocity, while not so great as could be

desired, is fairly conservative, and allows of the use of

shallow cuts.

Treatment-works studies were followed with limita-

tion to sedimentation and to fine screens, each coupled
with disinfection by means of a solution of calcium hypo-
chlorite.

In the case of tanks, the dimensions and proportions

of the plants have been selected to give a sedimentation of

two hours for an amount of sewage equivalent to 120 per

cent, of the average flow.

Consideration of fine screens has been restricted to an
installation for the North End plant because of the small

flow to be treated at the southern plant. At the major
works the 1930 average flow has been fixed at 7.7 cubic

feet per second with a possible maximum of 23.4 cubic

feet per second as the storm capacity of the interceptor.

Upon commercial ratings, a 12-foot R-W screen, having
one-sixteenth inch slots, is capable of passing 9.3 cubic

feet per second with a 2-inch loss of head. With two such
screens the available capacity is 18.6 cubic feet per second,

or 80 per cent, of the maximum sewage flow.

The details of the two plants being similar, a general

description will apply to both. As will appear from
reference to Figs, i and 2, the features included consist

of quieting well, grit and coarse screen chamber, disin-

fection plant, Imhoff tanks, and sludge-drying beds.

Wells with baffles have been placed at the outlet of

the vertical portion of the interceptor to reduce the velocity

and turbulence of flow. The baffle is of the underflow
type, designed to prevent deposits. The wells are also

provided with adjustable weirs at the side to permit of

by-passing any desired portion of the storm flow.

The grit chambers have been designed to allow de-

tention of the flow for 45 seconds with a velocity of 0.75
foot per second. The screen is of the usual inclined bar

type with a 2-inch spacing.

The disinfection house has two floors, the lower of

which contains the mixing well and machinery. The upper
is a combined storage and charging floor equipped with a

chain hoist and trolley to facilitate the handling of drums.

The bleach solution tO' the extent of 5 parts available

chlorine per million of sewage is applied to the sewage
as it leaves the grit chamber.

The sewage, after passing the dosing tank, reaches a

central quieting and distribution chamber where the flow

can be diverted to either end of the tank units by adjust-

ment of the weirs. Quieting wells are also placed on the

lateral influent lines at each tank.

The tanks upon which estimates have been based are

of the Imhoff type, as modified by the requirements of the

sloping ground at the sites. To meet the condition noted

the lower compartment has been formed as half a

rectangular pyramid.

Each tank unit as planned consists of two intercon-

nected flow-through channels separated by a gas vent and
designed to give a velocity of 0.0125 foot per second for

120 per cent, of the average flow. The sewage will enter

through sluice-gate controlled orifices, and discharge over
weirs at the farther end, the arrangement being such as to

permit of reversal of flow to secure more uniform defwslt
of solids in the sludge compartment.

Removal of sludge is accomplished by gravity through
vertical cast-iron pipes with horizontal valve-controlled

connections to a concrete channel supported on brackets

along the outer wall of the tank.
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The sludge-drying beds are constructed in narrow
terraces, partly in excavation and partly in rock fill. The
drainage material is sand and gravel 15 inches thick. The
beds are divided into stepped compartments by concrete

partitions, and are provided with drains at the back of

each retaining wall to carry off the effluent and to prevent

seepage to the bed below.

The dried sludge will be removed from the beds in

handbarrows and raised to the foot of the cliff in dump
cars by a narrow-gauge inclined railway, which is double-

tracked to allow the use of a counterbalancing car.

The North End fine screen plant, as designed, in-

cludes, in addition to the quieting well, grit chamber, and
disinfection plant provisions, a screen house and disin-

fection channels. The common features are similar to

those for the tank plant. The relative positions of the

different parts are shown in Fig. 3.

The screen house is merely a covered extension of

the sewage channel so formed as to receive two disk
screens of the

R-A\' type, with

appr o p r i a t e

sluice gates, by

passes, and
driving ma-
chinery. The
screenings, as

they are swept
from the ro-

tating screen
plates, will fall

through chutes

into exterior
storage pits,

from which they

can be removed
to hopper cars

and carried over

a spur track to

the elevator.

As shown in

Fig. 3, the dis-

infection process is pl.iced subse-

quent to the screens, the screen

effluent with its charge of cherni-

cal flowing to a series of channels

arranged in steps upon the hill-

side. These channels are such

length as to secure a detention of

15 minutes at the time of maxi-

mum flow, and of such cross-

section as to maintain for average

flows a velocity of about 0.7 foot

per second without regulation of

outlet gates.

The disinfectant will be added

in the proportion of seven parts

of available chlorine per million

of sewage, equivalent normally to 175 pounds of bleach

per million gallons.

The construction and maintenance costs of the dif-

ferent features of treatment were prepared in accordance

with contract prices prevailing in Niagara Falls, and were
as follows :

—

Construction cost of interceptor $34,600
Construction cost of Imhoff tanks. Bender Street

plant 14,853
Construction cost of Imhoff tanks. North Fnd

plant 34' '84

Cost of fine screens. North End plant 4^',950

Annual operation cost Imhoff tanks, Bender Street
and North End plants 8,960

Annual operation cost. North End fine screen plant

and Bender Street Imhoff tank plant ii>io5
*Total annual charges, Imhoff tanks 14,068
*Total annual charges, fine screens 19.297

(In this connection, acknowledgment should be made
of the assistance of Lieut. F. J. Anderson, B.A.Sc, for-

merly city engineer of Niagara Falls, Ont., who supplied

the data upon which these studies were based.)

Treatment plants, including Imhoff tanks and disin-

fection, are thus shown more economic for Niagara Falls,

Ontario, than those embodying fine screens. The dif-

ferences are striking because the conditions are unfavor-
able to the installation of mechanical screens. The factors

prejudical to a fair showing of this type of treatment are

:

I. Sewage flows such as to require one fair-sized

screen and for

dry-weather dis-

charge only one,

but which, to

sustain the
maximum capa-

city of the inter-

ceptor and to

provide reserve

for the dry-
weather unit,

necessitates an

additional
screen, which
serves to double

this part of the

plant cost.

2. The omis-

sion of any

charges for the

purchase of
land, in which

screens offer an

economy.

3. The need

for tanks or

channels in

which the full

storm flow can

be disinfected.

for additional

disinfection of

need

the

Fig. 3.

Niagara Falls

North End Fine

Screen Plant.

4. The
bleach in

screened sewage, as compared

with the requirements in the case

of Imhoff tanks.

The costs given strengthen the

statement that fine-screen plants

do not contain elements of in-

terest to small towns, when it is

desired to sterilize the effluent

and when long outfalls for the
latter purpose are not available. It should further be
noted that the costs, as computed, do not make screens

comparable with tanks, even in performance, for not only
will the screens be overburdened during storm flows, but
also at times of drv-weather flow the labor costs include

*Figuring interest at 43^%, eighty-year life for inter-
ceptors, fifty-year life for structures and fine screen machinery,
and 10% combined amortization and repairs allowance for
Imhoff tanks machinery.
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provision lor but lo oi- 18 hours' operation, upon tlic

questionable hypothesis that the very low nighi flows can

be neglected. In this respect the tank plants possess an

advanlago in the manner with which they can be left with-

out atlendance, though still in operation.

The finding of the report to the International Joint

Commission is to the clTect that the city of Niagara Falls,

Ontario, can meet restriction upon the river discTiarge of

crii3e sewage by the construction of Imhoff tank and dis-

inflation treatment works at a first cost of $83,600 or less,

and with annual labor and material charges of about

$9,000.

HYDRATFI) LIMI- IN CONCRETE PAVEMENTS.

THE use of hydrated lime in the construction of

concrete pavements is a subject in which many of

llic Camuliati Eiigiticcr readers are concerned. In

the annual report on highway improvement in

Ontario, (1. Cameron Parker, B..\.Sc., assistant engineer,

Department of Highways, Ontario, presents a report from
which the following extracts have been taken:

That the addition of hydrated lime to concrete results

in an increase in the waterproofing properties of the

material has been recognized for a number of years. The
problem of ri'iidering the walls of concrete tanks, reser-
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Curves Showing Effect of Hydrated Lime in Portland

Cement Mortar. (Mortar 1:2.)

voirs and foundations has been solved in many cases by

the use of this material.

Laboratory tests have shown that concrete containing

hydrated lime not only becomes impermeable but that

none of the desirable properties are sacrificed. On the

contrary, increases in tensile and compressive strength

have been recorded along with greater facility in trowel-

ling and surfacing. Ordinary sand mortar does not lend

itself to the obtaining of a smooth finished surface. When
such is required a coating of neat cement or fine sand

mortar, a cement, wash, or handrubbing with abrasive

blocks is usually resorted to. The lime appears to act

after the nature of a flux, rendering the mortar smooth

and plastic and making it possible to work up to a fine

surface. The formation of surface cracks is lessened by

the addition of lime, which indicates that it reduces the

cocflicient of expansion of the inaterial, due to change in

leniperatiue and moisture content, or causes it to be uni-

form throughout the mass.

While the chemical reactions taking place during the

hardening of concrete are not fully understood, it is

thought that the lime takes no part in them but acts solely

as a void filler, making the con<-rete more dense and there-

fore stronger and less permeable. .\n examination of a

piece of concrete mortar will show a certain percentage

of fine voids. These are more pronounced where the

mortar has been in contact with a piece of the coarse

aggregate. By the aid of a microscope of even moderate

power smaller voids inay be seen throughout the mortar

generally. If the material is subjected to the action of

water it is to be expected that these voids will become
filled. The resulting action on the concrete when the frost

reaches these small, water-filled cavities will, to say the

least, be deleterious. In warm weather when the danger
from frost is not present the water may contain salts or

other inaterials in solution which will have a disintegrat-

ing action. Thus, in all seasons the mass is exposed to

<langer so long as these capillary chambers exist.

It is, therefore, essential that the voids be filled, or

reduced to a minimum. It is generally thought sufficient

to have the material entering into the concrete so propor-

tioned that the voids in the coarse aggregate are com-
pletely filled by the mortar, those in the fine aggregate

being filled with cement, with a slight excess of the latter.

Concrete so proportioned, properly wetted, mixed and
tamped, is considered dense. Simple tests will show that

no amount of mixing or tamping, or even the addition of

an excess of cement will entirely eliminate the small voids.

So long as they exist the mass will be subject to expansion

and contraction to a greater degree than if they were filled

with material. This is the purpose that is believed to be

served by the hydrated lime. The results of tests in actual

conditions, as well as those made in the laboratory, show
that there is a decrease in the contraction of the material,

that it is more impervious to water, and that with certain

percentages of lime added there is a resulting increase in

strength.

^^'ith these facts determined it was natural that favor-

able results should be expected from the use of hydrated

lime in concrete pavements. When laid in this form, con-

crete is subjected to what is perhaps its most severe test.

In addition to being under static and live loads, it is ex-

posed to extreme climatic conditions. The temperature in

the southern portion of Ontario commonly ranges from 95
degrees in summer to 20 degrees below zero during short

periods in the winter months. In addition, the snow lies

on the ground for at least three months of the year, attain-

ing a depth of from 12 to 24 inches on the level. The
average frost line is about three feet below the surface of

the ground. When, together with these conditions, it is

remembered that concrete in a pavement has a greater

area of surface exposed, per cubic yard of material, than

in any other class of work, the necessity of obtaining a

thoroughly dense material with the minimum coefficient of

expansion, is realized.

In the summer of 1913 a section of concrete road con-

taining hydrated lime was laid by the Office of Public

Roads and Highways near Sarnia, Ont. The road is

5,946 feet long, 16 feet wide and 7 inches thick, one-course

construction being used. Gravel shoulders 4 feet wide,

bound with limestone screenings, were laid on the sides.

I^xpansion joints filled with paving pitch were placed at

30-foot intervals. The gravel used, was supplied from the

St. Clair River at Point Edward.
The hydrated lime, which replaced 10 per cent, of the

cement by volume, was mixed with the cement in a small
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gasoline-driven mixer and rebagged. The cost of this

was S0.0S4 per square yard of pavement laid. One car-

load of cement was thus handled per working day. .\t the

present time this pavement is in first-class condition, show-

ing but a few cracks, in spite of the fact that tons of heavy

machinery w-ere hauled over it in connection with building

operations on adjoining property.

The writer conducted a preliminary set of laboratory

investigations with a view to determining, if possible, the

factors affecting the use of hydrated lime in Portland

cement mortars.

Tests were made to determine the following proper-

ties: Tensile strength, compressive strength, rigidity,

toughness and resistance to wear.

A fine, clean, pit sand was chosen, the fineness being-

considered advisable, tending towards consistent results.

The Granulometric analysis gave the following :

Screen . .No. 10 No. 20 No. 30 No. 40 No. 50 No. 100 No. 200
Per cent,

passing-. gS.g g2.3 46.9 21.7 21.7 2.0 .4

Silt present, 0.2 per cent.

The Portland cement was of average grade and had
the following properties: Specific gravity, 3.15. Per cent,

retained, No. 100 screen, 5.3; No. 200 screen, 19.2.

Initial set, i hour 30 minutes. Final set, between 4 and

5 hours. .Acceleration test showed no checking or crack-

ing. Strength of neat cement at 24 hours, 240 lbs. per

square inch. Strength of neat cement at 7 days, 525 lbs.

per square inch. Strength of i : 3 mortar of standard

Otta-wa sand at 7 days, 200 lbs. per square inch.

The hydrated lime used was obtained from the Pro-

vincial Prison Farm at Guelph, Ont., and has the follow-

ing analysis: Magnesia (MgO) 33.1 per cent.; calcium

oxide (CaO) 43.5 per cent. : silica, alumina, etc., 23.4 per

cent. ; class of lime, Dolomitic.

The mortars used, with the proportions of lime added,

were

:
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The tciitli'iK-y to produce cones was shown, in every

case with series ".\" and in several cases witli series "B,"
these latter not being so well formed. The forms that the

cones took together, with one cone still in position, is

shown.

The compressive strength was calculated by dividing

a load in pounds on the cylinder at failure by the area in

square inches. This gives the compressive strength (ulti-

mate) in pounds per square inch.

The points on stress-strain curves were calculated and

plotted in the following manner

:

For a given load in pounds per square inch, the

average difference in the compressometer readings was

Z^co 560 ae

ZZOOSW^'f

2000 320 iO

/SCO 300 /6
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Curves Showing Effect of Hydrated Lime in Portland

Cement Mortar. (Mortar 1 : 4.)

reduced to strain (change of length in inches, per inch of

length). With strain as ordinate and stress as abscissa

the curves were plotted. .\s the modulus of elasticity in

compression (Ec) depends on the inclination of the curve
with the axis of stress, a constant "Ec" is indicated by a

straight line curve. Hence from the origin to the point

where the curve ceases to be straight the Ec remains con-

stant, and is determined by dividing the stress by the

strain. Thus

Ec = C S, where Ec is the modulus of elasticity for

concrete.

C is the stress, and
S is the strain.

The quotient gives what might be called the average
modulus of elasticity, covering a range of stresses from
zero to the point calculated. .A.s stated before, where the

curve has a constant inclination to the axis of stress a

calculation for any point on the curve will give the same
value.

The stress-strain curves were calculated for the test

from which it was possible to get the greater number of

readings near the upper portion of the curve. Two

cylinders were tested for each mortar in order that a

check might be had. In practically every case the test

readings checked closely ; consequently in order that the

curves might be easily read, the one giving the most
points was recorded.

The test for toughness was made on i-inch cubes.

These were tested on the impact machine for testing the

toughness of rocks. The test consisted of repeated blows
of the hammer, starting with a fall of i cm. and increas-

ing by I cm. for each succeeding blow. The number of

blows required to cause failure represents the toughness
of the material. The average of two tests was recorded.

The test for resistance to abrasion was made in the

Deval abrasion machine. The pieces from the briquettes

broken in the test for tensile strength were placed in the

cylinder, after weighing, and given 6,000 revolutions at

a rate of 33 per minute. They were then removed, care-

fully cleaned and weighed, the loss of weight by abrasion
being expressed as a percentage of the original weight.

Series "A," Mortar 1:2.

Lab. No.
A-

1

A-2

A-3
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WATKRVVORKS RESERVOIRS.*

Bv Dabnev H. Maiirv, Alem.Am.Soc.C.E.

I

The purpose of Mr. Maur\"s paper is to discuss

governing considerations in reservoir design, show a few

typical designs, describe difficulties encountered in actual

construction, and to make suggestions which may assist

engineers to overcome some of these difhculties.

—

Editor.]

IX
any waterworks system there are usually a number

of steps which lie betw-een the taking of water from

its original sources and the actual delivery of it to the

consumer. These steps include some or all of the

following: (n) The collection and storage of the water of

a stream in an impounding reservoir, (b) The pumping of

water from a stream or lake or from wells to a suction

reservoir, or to a settling basin, or to filters, or directly

into the distribution system, (c) The purification of the

water either by sedimentation, or by filtration, or by both.

{d) The pumping of the water from the surface reservoir,

or from the sedimentation basin, or from the clear water
reservoir of the filters, into the distribution system, (e)

The actual delixery of the water from the distribution

system to the \arious consumers.

Field of Usefulness.—The usefulness of any reservoir

depends upon, and is limited by, the position which it

occupies in the order or procession of the steps just

enumerated.

For example, it it be an impounding reservoir it can
do no more than store the waters of the stream above it,

and is of no value in conserving or helping out the capacity

of the low-liftpumps which take their supply from it; or

of any suction reservoir, or filter plant, or clear water
reservoir, which may follow it ; or of the high-lift pumps;
or of the distribution system. If it be a suction reservoir

or clear water well, then it will help out the capacity of

everything back of it, which may be a stream, an impound-
ing reservoir, wells, or low-lift pumps taking water from
any of these sources and delivering it into the reservoir

under consideration, or a water purification plant which
may discharge into it. Such a reservoir does not, of

course, conserve the capacity of the high-lift pumps which
draw from it, or of the distribution system into which its

waters are discharged.

.\ distributing reservoir, located on the discharge side

of the pump and connected to the distribution mains, has
more of these steps back of it than any of the other reser-

voirs just enumerated, and its usefulness may include the

conservation of the capacity of stream, or of impounding
reservoir, or of wells, or of sedimentation basins, or of

filter plant, or of low-lift pumps, or of high-lift pumps,
or of all of these together.

.\ distributing reservoir properly located will, in addi-

tion to all of the foregoing, help out the capacity of the

distribution mains themselves, and this last and very im-

portant function has in the past been frequently overlooked.

It follows from what has just been said that the nearer

a reservoir is to the beginning of the order or procession

cf the successive steps in water supply, the less will be its

v:'iue, other things being equal ; and that the further along
in this procession of steps, the greater will be the value

of the reservoir.

Value of Proper Location of Distributing Reservoirs.

—In order to derive the greatest possible benefit from a

*.-\bstract of paper read before the American Water Works
Association, June 7th, 1916.

distributing reservoir, it should be properly located; and

the intrinsic value of the proper location of such reservoirs

has not always been appreciated in the design of water-

works systems. Where small waterworks plants have

elevated storage, one frequently sees the tank located on

the pumping station lot. A tank so located is in most

cases a monumsnl to the bad judgment of the man who
designed the plant.

To illustrate the point, two cases, out of many that

could be mentioned, will be cited

:

In the first case the main pumping station was two
miles north of the centre of the congested value district

in a small citv. The elevated storage reservoir, originally

i)uilt close to the pumping station, had been destroyed,

and it was necsssarv to provide' a new one.

r£4.evSf6.Ai

Fig. 1. Wall of 2,000,000=Gallon Reservoir

For the .purpose of computing the friction losses it

was assumed that a fire broke out during sprinkling hours

on a hot day in summer and that the plant would be re-

quired to furnish water at the rate of 4,000 gallons per

minute, distributed throughout the city for domestic con-

sumption, in addition to a supply of 2,000 gallons per

minute for fire service, which latter amount would be

drawn at or near the centre of the congested value district.

It was found that if the tower and tank were located close

to the pumps at the northern end of the city the pressure

remaining in the mains in the congested value district

w<nild be only 25 pounds, whereas with the same elevated

tank located near the southern end of the town the

pressure remaining in the mains would be more than 53
pounds. To save this difference of 2S pounds by laying

additional mains from the pumping station to the con-

gested value district would have invohed an expenditure
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of at least $30,000; so that it may be fairly stated that the

advantage obtained in this case by locating the elevated

storage near the centre of the congested value district

instead of at the pumping station was wurtli not less than

$30,000.

In the second case, whicli involved a city of larger

size than the one just mentioned, a site for an elevated

reservoir of a capacity of 7,500,000 gallons has been

selected on an eminence opposite the main pumping
station. The congested value district in this city was
comparatively small, and its centre was more than tiircc

miles south of the pumping station. .\ topographic map

^xiS'^/^trci *kcry

Fig. 2.—Wall Section,

Old Reservoir.

U::/^
Fig. 3.—Wall Section,

New Reservoir.

had been made of the proposed reservoir site, and test

pits had been sunk through the t<ip soil to bedrock, when
the writer was called in to pass upon the suitability of the

topography and soil conditions for a reservoir of the

capacity contemplated. It was at once apparent that the

location of the reservoir with regard to the pumping
station, to the distribution system of mains and to the

territory to be supplied, was far from being a desirable

one. An examination was made of high ground opposite

the congested value district, with the result that a much
more suitable site w'as discovered, which was later pur-

chased by the city.

.\nu)iii; I he lirst points to be determined are the loca-

tion, capacity and elevation desired. These having been
at least approximately determined, the work of designing
may be begun.

Some Typical Designs.— Fig. i shows in cross-section

the w^all and part of the bottom of a 2,oc)o,ooo-gallon reser-

voir, 120 feet inside diameter, 19 feet 10 inches deep at

the wall, and 24 feet 10 inches deep at the centre. This
reservoir was built partly in excavation and partly in em-
bankment on clay soil. Its bottom, which was 5 inches

thick, was reinforced throughout with steel sutlicient only

to resist temperature stresses. The reinforcement in the

wall was continuous around the circumference, and was
designed to resist the internal pressures just as the hoops

on a barrel resist the internal pressures in the barrel.

Fig. 2 shows in cross-section the wall of another

reservoir in which the steel reinforcement was stressed as

are the h<x)ps in a barrel. This wall was built to enlarge

the capacity of an existing reservoir by increasing its

depth from 14 to 3a feet. The inside diameter of the

reservoir, as enlarged, was 142 feet, and its capacity about

4,000,000 gaMons. Right alongside of this old reservoir

was constructed a new one which was so designed that

the part of it which showed above the finished grade should

be an exact duplicate of the enlarged old reservoir, and
Fig. 3 is a section through the wall of the new reservoir.

Here again the reinforcing steel is subjected to hoop
stresses.

Fig. 4 shows an entirely different type of reservoir,

with beam and slab roof, slab walls and slab bottom for

the bay next to the walls on each side, the remainder of

the bottom being of the inverted groined arch type. This

is not a distributing reservoir, but is intended to serve for

the present as a storage reservoir for water pumped into

it from distant wells. The reservoir is, however, so de-

signed that later on its columns may serve as supports for

an iron removal plant to be built on top of it, and it will

then serve as a clear water reservoir. At times of very

high water, the ground water, if it were unaffected by the

pumping operations at the adjacent pumping station,

would rise as high as the top of the reservoir, and if the

reservoir were empty as such a time, the total upthrust

would be greater than the weight of the reservoir and of

its covering.

While it is not likely that there will ever be a time

when the pumping operations at the station will cease foi-

any long period, coincident with the pumping out of the

reservoir itself, provision was nevertheless made to guard
against any such contingency by sinking in each corner

of the reservoir a lo-inch well equipped with a strainer

of liberal area, having openings so large that they cannot
become clogged by rust, and with a check valve opening
into the reservoir. Should the ground water outside of

the reservoir at any time rise higher than the water inside,

these four wells will admit water to the reservoir with

sufficient rapidity to prevent any danger from the un-

balanced pressure of the ground water.

These wells were sunk before the construction of the

reservoir was begun, and by pumping from them, the

ground water, which would otherwise have stood several

feet above the bottom of the reservoir, was held down
below the bottom during the entire construction period,

so that the wliole structure was built in the dry.

Some Construction Difliculties and Some Suggestions.

—The lirst thing natur.illv demanded of a waterworks
reservoir is that it shall hold water, and as a rule the most
difficult part, of the constructif)n of a reservoir is making
it watertight.
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A small amount of leakage really does no great

damage; but so long as any leakage can be detected, it is

an eyesore, and it remains as a reproach to all of those

in any way cOnnecte<l with the design or construction of

the reservoir, whether contractor, engineer or owner. For

these reasons, leaks so small that they could do no harm

whatever are not, as a rule, permitted in the finished

structure, even though the cost of stopping them is out

of all proportion to the value of the water lost.

It is not an easy matter to build a reservoir which

shall be absolutely watertight from the time the forms are

removed. Fortunately, however, very small leaks will

usually become less or "take up" in a short time, especially

when the stored water contains iron or sediment, and in

most cases it is not very difficult to stop large leaks or at

least to reduce them to so small an amount that they will

ultimately stop of themselves.

y* ^^^^ •fo'/^f^^ai>^ f^iitf^ Jur/cc^efHr^L'itrf t/

T^g^^at^o-.L^

-^a^rrrnofsSowii

Fig. 4.—Plan and Section of 1.200,000=Ga!lon Covered

Reservoir.

-As a result of his experience with these and with a

number of other concrete reservoirs, the writer would

draw the following conclusions :

1. It is entirely possible with proper materials, mix-

ture and workmanship to prevent moisture from passing

through a concrete wall a foot thick, even under fairly

heavy pressures.

2. It is not to be expected, however, that the per-

fection of workmanship required to produce these results

will alwa)'s be obtained at every single point over an area

of thousands of square feet of wall.

3. Such leaks as may show in spite of conscientious

efforts to do good work can almost invariably be stopped

entirely or be reduced to such a point that they will stop

themselves in the course of time, especially if the water
carries iron or sediment.

4. Leaks are most likely to occur at construction

joints. The use of steel dams will reduce the danger of

such leaks, but ttiese dams cannot always be relied upon
to prevent the leakage, and their presence should not be

allowed to diminish in any way the precautions which
should always l>e taken to prevent leakage at the joints.

5- The surface of concrete which has begun to set

should be scratched and roughened, and all dust, rubbish

and laitance should be carefully removed with a vacuum
cleaner before the next batch of concrete is poured. This
will not always prevent leakage, but it will go far towards
doing so.

6. In reservoir construction the use of chutes for

conveying concrete to its place in the wall should not be
permitted unless the concrete is thoroughly remixed just

before it reaches its final place in the wall.

7. While good results can be obtained by very care-

ful spading of the concrete adjacent to the forms, so as to

keep the stone away from the inner surface of the wall,

it is believed that far better results would be secured by
the plan devised by the contractor for the 10,000,000-

gallon reservoir already described ; namely, the use of a

portable sheet of thin metal with means for holding it

about ?4 inch away from the inner form, the concrete to

be poured back of this sheet of metal, and cement mortar
in front of it and between it and the form

RAILWAY EARNINGS.

The following- are the weeklv railway earnings for
May:—

Canadian Pacific Railway.

igi6. 1915- Increase.
May 7 $2,763,000 $1,594,000 +$1,169,000
May 14 2,592,000 1,604,000 + 988,000
May 21 2,610.000 1,575,000 + 1,035,000
May 31 4,222,000 2,223.000 + 1,999,000

Grand Trunk Railway.

May 7 $1,030,768 $ 863,195 +$ 167,573
May 14 1,076,436 922,106 + 154.330
May 21 1,088,679 938,386 + 150,293
May 31 1. 48:, 053 1,291.615 + 190,438

Canadian Northern Railway.

May 7 $ 677,400 $ 419,600 +$ 257,800
May 14 748,300 364,800 + 383,500
May 21 693,100 387,500 + 305,600
May 31 970,100 549.500 + 420,600

The Canadian Pacific Railway net earnings for April
totalled $3,733,736 as compared with $2,687,753 during- the,

corresponding- period in 1915. Gross earnings for the month
were $10,881,306, and working expenses $7,147,590.

The figures for the ten months of the current fiscal year
show gross earnings totalling $105,117,108, working expenses
$63,953,104, and net profits of $41,164,004. For ten months
ended .April 30th, 1915, net profits were $28,458,594.

The gross earnings of the Grand Trunk Railway System
for .April were $3,584,828, while expenses amounted to

$2,344,104, making the net revenue for the month $1,240,-

724, as compared with $1,167,492 for the same period of

1915, an increase of $73,232, or 6.2 per cent.

The earnings and operating expenses of the Canadian
Northern' system for April were as follow:—

1916. 1915.

Gross earnings $2,824,300 $1,948,900 -I- $875,400
Expenses 2,274,400 1,404,500 + 869,900
Net earnings 549,900 544,400 + 5.500
Mileage in operation. 8,270 7.248 + 1,022

The New- York State Public Service Commission, First

District, reports that on a typical day the number of persons
passing over the four bridges across the East River, between
Manhattan and Brooklyn, in a period of 24 hours, was
804,146. an increase of 41,064 over the total on the day when
the count was made in the preceding year-
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HQinTAiu.i: si»f:cihcations and contracts.*

1?\ Hillis !-. Hackedorn.

Till-: American Socitly ol Engineering Contractors,

ever sime its organization in 1909, has had a

nuin1)er of ideals to which it has clung tenaciously.

One of these is the idea of equitable specifications

and contracts ; specifications that are written fully and

roniplelely describing the work down to the minutest de-

tail, eliminating all guesswork and conveying to the con-

tractor completely the ideas bf the engineer; describing

fully what work he expects to do, how he expects to do

it, sequence of the performance and the results he expects

to obtain, leaving nothing for future argument, nothing

for guesswork.

One of the greatest impositions that is ever placed on

tlie contractor is by the engineer whose specifications fairly

teem with the expression "to the satisfaction of the en-

gineer." This vcry-much-abused, never-understood, and

impossible-to-forecast expression is about as serious a

handicap as can be hung onto a contractor who is making

up an estimate of. cost on any type of construction. It

leaves such a wide field for guesswork, it opens up such

a broad avenue of opportunity for the engineer or inspector

to "get even" with the contractor for some fancied or real

grievance. It is something against which a contra<-tor has

no opportunity whatever to protect himself.

This phrase impresses the contractor as an evidence

of either lack of knowledge on the part of the engineer or

laziness in preparation of the specifications, and in many
instances the contractor views these clauses in the light

of a club to be held over his head during the construction

of the work. They impress him with the belief that the

engineer thinks he wants certain things done but if the

contractor learns during construction that the engineer

wants something else done, the contractor must pay for

the change. The engineer should be sufficiently advised

and have sufficient knowledge of all conditions surround-

ing the work to enable him to make up a correct detailed

guaranteed design and estimate. He should have the

nerve to stand pat on his estimate and likewise should not

expect the contractor to make good the cost of any mis-

take he may make in the preparation of plans and specifi-

cations ; neither should the contractor be put to the expense

of thoroughly checking the engineer's estimates, and all

engineering and contractors' organizations should join in

an effort to educate specification writers to a proper con-

ception of what is fair and equitable to owners, engineers

and contractors alike.

In Great Britain carefully prepared schedules as to

quantities are submitted to the contractor. These quan-

tities are guaranteed, and in case of error, the contractor

has a. ground of action against the quantity surveyor if

his bill of quantities is wrong. This method enables the

contractor to estimate mitch more closely as to the cost

of the work than under customs in this country, where all

estimates of quantities are frankly labeled as guesses, and

the engineer dodges all responsibility by stating that the

contractor must assume all the hazard as to errors in such

estimates. Of course, the contractor, under these condi-

tions, must charge for an eleinent of chance which should

not enter into the proposition. The engineer should make
his estimates carefully and thoroughly and be ready to

stand behind them in case of error. I know of hut one

*Abstract from paper read before a joint meeting of the
American Society of KriKiiieering Contractors and -St. Louis
Section of the American .Society of Mechanical Engineers.

Iiridge engineer who gu.ir.inlees his (|iiantily estimates and

as a result bidders can make much closer estimates, know-
ing as they do, th.il he will stand responsible for any

errors in his C|uantily statements.

.\n unfair engineering practice freqitently resorted to

in the writing of specifications is to require the contractor

to prepare the detailed working drawings for the job, in-

cluding, for reinforced concrete, bending diagrams and

special details as to conne<-tions of reinforcement, thereby

making it necessary for the contractor to maintain a mu<h
more extensive engineering and drafting department than

would be otherwise required if the engineer did his full

duty, preparing all detail plans and working drawings so

that there would be no question in the contractor's mind,

when he bid on the work, exactly how the work was to be

executed to the most minute detail. In addition to this,

some specifications require that the contractor "having

checked the plans shall be responsible for the correctness

of all drawings, as to dimensions, elevations and mutual

correlation of various parts," thereby making the con-

tractor absolutely responsible for the correctness of the

engineer's design and drawings, and in case of an error,

the expense of correlation is unfairly placed on the con-

tractor. The contractor is given no extra allowance for

preparing these drawings, but must do it at his own ex-

pense and deduct it from his estimated profits, when it

should be taken from the engineer's fee.

Our position in the matter of detailed specifications is

that we know of no legitimate reason why the contractor

should not have full detailed information as to what will

be required in the execution of a given contract before the

contract is signed, rather than make haphazard guesses

on small scale drawings and indefinite specifications fre-

quently lacking in vital information. If detailed drawings

have not been completed before the date upon which bids

are requested, the date should be postponed to give the

engineer an opportunity to prepare complete working
drawings. It takes no longer to study the details of a

structure before the contract is executed than after, and

a careful preparation of detailed drawings and the writing

of complete specifications, would frequently result in

saving of cost to the owner because of the necessity of

the contractor to add a certain percentage to cover the

uncertainties of plans and specifications.

-Another question in which many engineers err in

judgment is in specifying a short time lor completion and

requiring the starting of work immediately upon the

awarding of contract. .A short limit reduces competition

because it admits only the contractor who is fully equipped

and ready to begin immediate work, and where a short

time limit is provided, the engineer should include a cer-

tain compensation to cover the cost of night work neces-

sary on the part of the contractor in order to complete the

work within the titne set. It has been our experience that

where the engineer co-operates with the contractor, the

quality of work is very mu<-h improved, resulting in a

great benefit to the owner.

One manifestly imfair condition in manv specifications

is that of giving the engineers the right to make minor

changes in the plans, without extra compensation to the

contractor, unless "In the opinion of the engineer" he is

entitled to such extra compensation, the amount of any

such extra compensation to be determined solely by the

engineer.' This condition leaves a very large opening and

opportunity for the engineer to abuse his authority over

a contractor whom he does not like, or seriously cripple

him, when the wrong man, in the opinion of the engineer,

lias landed tht job.
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In my mind, one of the greatest injustices which

enter into nearly all specifications, is the clause requiring

the contractor to "indemnify, keep and save harmless the

owner and engineer from all liabilities, judgments or costs

and expenses which may in any wise come against the

owner or engineer on account of any infringement of any

patent on the use of any design, material, machinery, de-

vice or apparatus used in the performance of the contract."

In other words, the engineer goes along, prepares his

design, specifies his materials and method of construction

and puts the responsibility on the contractor for ascertain-

ing whether or not there are any patents on the type of

design, or material used, or on the method of construction.

It seems to me that this is part of the duty of the engineer,

and that in making his design he should ascertain beyond
the possibilitv of a doubt whether or not his design in-

fringes anv of the many patents which ha\e been granted

by the Patent Office at Washington, and in case he cannot

make a design without infringing a patent, he should

either notify all bidders of the existence of such patent,

and the fact that his design infringes, or he should obtain

from the owner of the patent the right to use it for a

specific price on the work. It is entirely unfair to shoulder

this responsibility and liabilitv on the contractor, in addi-

tion to the many other tmubles which he has to guard
against in executing the contract.

-Another inequity is that of giving the engineer the

right to direct the sequence of the work and issue orders

as to the manner and time in which the various parts of

the work shall be done, and the force required to complete

it within the time specified. I believe I can state, without

fear of contradiction, that no two contractors would
handle the same job in the same manner and sequence. It

is customary, in making up estimates, to carefully plan

the manner and sequence of the construction, and if the

contractor is not permitted to follow his own methods, it

frequenth' results in turning a contract, that would other-

wise be profitable, into one that results in a loss to the

contractor.

The business relations between the contractor and the

engineer are little understood by the public at large. We,
as contractors, realize that one of the most difficult

problems confronting an engineer is the preparation of

his specifications, in making them rigid enough to control

the bad contractor and at the same time work no hardship

on the contractor who is honest and sincere in his work.

The wise engineer knows that many contract condi-

tions can be ignored without any harm being done, and

that manv facilities can be given the contractor to help

expedite the work. We believe that the contractors as a

body will not take unfair advantage of these concessions,

but in their turn, will go out of their way, even at extra

expense, to meet some special request of the engineer,

playing the game of "give and take" in a reasonable way
without expecting extra pay for every trifling piece of

work, thus bringing about a great improvement in the

relations between engineer and contractor and eliminating

many of the disputes which at present are too frequent.

CITY OF KAiMLOOPS HYDRO=ELECTRIC PLANT."

By H. K. Dutcher, M.Can.Soc.C.E.

Signal horns, similar to automobile horns, are attached
to lighting-poles along many of the busy thoroughfares of

Washington. Baltimore, Binghamton, Bridgeport and a few
other United States cities. When a fire alarm is rung the

route to be travelled by the apparatus is quickly determined,

and by electrical control at fire headquarters the alarm gongs
are sounded all along the route. Traffic stops at once; the

streets are cleared well in advance, and the fire apparatus
has a safe right-of-way.

IT
is the purpose of this paper to refer to some of the

engineering and economic features in connection with
the design and construction of the municipal power
plant and pumping systems of the city of Kamloops,

which have been recently completed and placed in service.

These systems include a steam turbine power plant

and pumping system, a new reservoir and a hydro-electric

power plant and sub-station.

The steam power plant and pumping system, to-

gether with the sub-station of the hydro-electric plant are

included in the one building, and located near the eastern

limits of the city, while the generating station of the

hydro-electric plant is located on the Barriere River, which
flows into the North Thompson, the distance of this plant

from Kamloops being about forty miles almost due north.

To properly appreciate the relation of these systems
one to the other and their importance in the general
scheme upon which the plans of development were based,

it is necessary to refer to some of the economic conditions

afiecting the growth of the city and the development of

the surrounding districts.

The city of Kamloops is located on the main line of

the Canadian Pacific Railway at the junction of the North
and South Thompson Rivers, and for some years it has
maintained the normal growth of a railway divisional

point, and centre of a considerable ranching district. Very
little attention has been paid to mixed farming in this

district, due partly to the fact that most of the settlers

were cattle ranchers, and also to the limited supply of

water available from the streams for gravity irrigation

systems.

When the richness of the lands in the "Dry Belt" had
been more thoroughly appreciated, greater efforts were
then made towards intensive cultivation, and many of the

lands were divided into small areas for fruit trees, but as

the precipitation on the district varies from ten to fifteen

inches per year, the dependence upon limited sources for

gravity irrigation systems, imparted a certain feeling of

timidity with respect to the planting of crops and intensive

farming. Consequently Kamloops has been obliged to

import butter, eggs and other farming products which
should have been supplied locally.

This condition would tend to affect the cost of living

and the discouragement of much desired local industries,

but when the plans of the Canadian Northern Railway in-

cluded a route from Vancouver to Edmonton by way of

Kamloops and the North Thompson River, the location of

the city as a centre of some importance for future growth
was more fully realized. Therefore, when the increasing

demand for power, both for the municipal electric light

and power service and for the pumping plant, was rapidly

passing beyond the capacity of the old steam plant, it was
decided to investigate the possibilities for an ample supply

of cheaper power, with particular regard to hydro-electric

development, in order that, if possible, electric power
might be available to irrigate by pumping, the rich lands

along the North and South Thompson Rivers.

During the course of examination of the several

streams available for power within practical range of the

city, there appeared to be some prospect that a company
holding the power rights on the .\dams River might de-

*From a paper read before the Vancouver Branch of the
Canadian Society of Civil Engineers.
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vilop [Hiwi'i- lioni this source, in wliicli case the lands

along the South Thompson Ri\er would be looked after.

Attention was directed, therefore, mainly to an ex-

iinination of the streams flowing into the North Thomp-
son Ri\er, and of these the Barricre River appeared to

answer the requirements for power development most

satisfactorily, especially in view of the two large lakes

available for storage, the heavy grade of the stream and

the convenience of the transmission line passing down the

vallev of the North Thompson through comparatively open

countrv with a prospect of a power market along the

entire route.

It was estimated, however, that winter conditions of

the Barriere River would afTect the operation of the hydro-

electric plant for probably an average of six weeks per

year, and in view of the importance of the prospective

power loads it was considered advisable to plan the

auxiliarv steam plant system with a capacity equal to the

^ofurc equipment

~c

The water lor llie city sy.stem was pumped in from a

Well located under the power house which was led by two

intake pipe lines carried out into the river about 100 feet,

and the rapid growth of the city along the river above the

location of the intake created a danger to the sanitary

conditions of the water supply which required immediate

attention.

After some study of these different factors affecting

the immediate and future requirements, the city finally

decided to proceed upon the following scheme of con-

struction :

—

(n) The development of a hydro-electric power plant

on the Barriere River with a capacity of at least 5,000 h.p.,

of which the first installation would provide for 2,000 h.p.

(()) The construction of a new steam plant and pump-
ing station in the city, the steam plant to provide for either

oil or coal fuel, and to have the first installation up to

2,000 h.p. capacity. The pumping plant to include two

T^-^pc'af^/ /n?./

^ fLAA/D-O

C
bplanee:GENE.RAL RLAN r-r

Fig. I.—General Plan of City of Kamloops Municipal Hydro-Electric Plant.

hydro-electric plant, and to estimate the period of opera-

tion of the steam plant both as an auxiliary and reserve

system for an average of six hours per day throughout the

year, and the estimated cost of the combined system was,

therefore, based on this condition.

The capacity of the old plant was about 500 h.p. and

included three 150-h.p. return tubular boilers, two tandem

compound steam engines, one belt-connected and the other

direct connected to generators, and for the waterworks

service there were two steam-driven plunger pumps, one

with capacity of 1,000 gallons per minute and the other

700 gallons per minute. Both pumps, however, were in

poor condition and were continually breaking down.

Moreover, it was impossible to keep a reserve supply

of water in the reservoir for fire protection, as the capacity

of this reservoir was only 150,000 gallons, and during the

summer months the demand for water in the city exceeded

ten times this amount.

motor-driven centrifugal pumps to deliver 1,200 Imperial

gallons per minute each, and one steam turbine pump of

equal capacity.

(c) The construction of a covered concrete reservoir

of 1,500,000-gallon capacity but designed for an extension

to 3,000,000 gallons by the construction of a second

section.

Barriere Hydro- Electric Power System, Barriere

River.—The Barriere River rises in the mountains near

.Vdams Lake, flows in a westerly direction for a course of

about thirty-two miles and empties into the North Thomp-
son River at a point about forty miles north of Kamloops.

On the m.iin branch there is the North Barriere Lake,

which is located aljotit nineteen miles from the mouth of

the river and rccei\es the flow of numerous streams from

the mountains. It has an elevation of over 2,100 feet

above sea level, and an area at low water of 1,200 acres
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with excellent conditions for storage of 30,000 acre-feet

of water by the construction of a dam at the outlet.

At the distance of eight miles from the outlet of the

North Lake the main branch is joined by the east branch,
which empties from the East Barriere Lake, located about
four miles from the forks and having almost the same ele-

vation above sea level and an area of about 1,500 acres.

The total drainage area of the Barriere River is about
230 square miles, with an average precipitation of prob-
ably about 35 inches. The mean flow during a normal
year would be about 550 cubic feet per second with ex-

tremes of about 3,600 cubic feet per second as a maximum
in the early summer period, and 220 cubic feet per second
in the low-water season of the winter months.

Of the total flow, about 80 per cent, comes from the
North Barriere Lake, and with the provision of storage
for 30,000 acre-feet in the East Lake, there should be no
difficulty in maintaining a flow of from 300 to 350 cubic
feet per second for power development.

Power Development.—.\s the elevation of the North
Lake is about 2,100 feet above sea level and the elevation

at the outlet of the river is about 1,130 feet, there is

therefore an average grade of about 50 feet

per mile. The plan of power development
provided for the location of a generating
plant at a point about five miles up frorn the

mouth of the river.

For a distance of about 3 '2 miles above
the site of the generating station the grade
of the river averages 65 feet per mile, and a

suitable site for an intake dam was located

to give an effective head of 192 feet at the

generating station by 17,800 feet of flume
system.

^^'hile the plans provide for the ultimate

development of 5,000 h.p. from the present

intake, the first installation provides for

2,000 h.p. by two i,ooo-h.p. units, which,

with the installation of 2,000 h.p. in the

auxiliary steam plant, would give the city a

maximum of 4,000 h.p. to start with.

The location of the generating station

of the Barriere hydro-electric plant was
made, however, with the view to the aban-
donment of the present intake when the

power exceeds the economical maximum
the combined Barriere and steam plant systems as de-

veloped, and the development of from 15,000 h.p. to

20,000 h.p. by constructing about ten miles of conduit
system direct from the North Lake to the generating
station to obtain an effective head of 600 feet.

Flume System.—The construction of the flume sys-

tem, including the intake dam, forebay, and wasteways,
was started in February, 1912, the work having been let

in one contract, to William Greenlees, of Vancouver.
It was planned to have the entire hydro-electric plant

completed, if possible, by the end of the year, and it was
therefore important to complete the construction of the

intake before the high-water flow of the river in May
or June.

-A. mill was located near the site of the dam and the

lumber required for both the dam and the flume was
obtained from the timber limits close by the mill, some of

the logs being brought down the river and others from
the hillside above.

Intake.—The intake dam is a standard rock fill crib

type set with a pile foundation to ensure greater stability.

The site chosen enabled a suitable intake to be obtained bv
raising the level of the water ten feet from the normal

level of the stream to the crest of the spillway, the grade
of the river above this point being such that the flood level

extended about 1,600 feet up stream.

The accompanying plan shows the general details of
construction, from which it may be noted that the length
of the crest is 240 feet, the spillway 1 10 feet and of suf-

ficient depth to take care of a maximum flow of 7,000 cubic
feet per second.

The intake for the flume is located on the north side,

and a logway and a fishway are placed on the other side
of the spillway, the logway being 12 feet wide and the
fishway built in accordance with the requirements of the

Provincial (jovernment.

The beds of the stream .-it the site chosen consisted of

a top layer of boulders, underlaid with alternate layers of
quicksand and blue clay, but a satisfactory degree of

watertightness was secured by carrying the toe sheeting
down to a depth of 12 feet, with the filling of mastic and
puddled clay, an earth fill being made over this and carried
to a height near the spillway by an easy slope.

The foot of the spillway was carried well down stream
on piling, to take care of logs and roots which might get

Fig. 2.—Cross=section Kamloops
Municipal Hydro-Electric

Generating Plant.

demand for

capacity of

past the boom above the dam. The work was completed

without difficulty by the middle of .April, and passed satis-

factorily the severe test of the high-water flow of the

following months.

Flume.—The flume is designed for an ultimate

capacity of 320 cubic feet per second and is 3.4 miles in

length from the intake to the forebay. In design it is the

standard type of timber flume, 8 ft. wide by 5^2 ft. high,

built up of 2 X lo-in. fir lumber, supported every four feet,

and resting on trestle or cedar sills.

The quality of the lumber available was good, but a

better quality of coast fir was used for battens and floor-

ing at those sections where watertightness was especially

desirable. Probably the only section which required

special attention in this respect was a length of about 1,000

feet, two miles from the intake, where the flume was
carried past a steep bank at a horseshoe bend of the river.

There appeared some danger of a slide occurring at this

section, either from undercutting of the banks of the

river or from water running down from the melting snow
or leakage of the flume.

It was desirable, however, to continue the flume, if

possible, along this section, in view of the necessity of

getting timber down from the mill for the construction of

the system, and to avoid the heavier expense of carrying
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:i syphon across the river, the cost per foot of tlic syphon

being about four times the cost of the flume for an equal

capacity.

Tiie Hume svstcm, includinij wasteways and forebay

for penstiK-ks, were completed in the fail, and unfortunately

the city was then obliged to shut down on all work on the

hydro-eleetric plant on account of the failure to sell the

balance <if I he hydro-electric bonds due to the linancial

stringency.

The system as completed was tested out, however,
and found to he in satisfactory condition for service, but

when the completion of the plant was carried out, two
years later, it was found necessary to build the syphon at

the section alxive referred to, on account of a slide occur-

ring which carried away about six hundred feet of the

flume. This syphon is built with capacity for half the

ultimate capacity of the system. It is wood-stave pipe

construction, 66 inches in diameter, 2,100 feet long and
designed for varying head to a maximum of 120 feet.

The advisability of covering the flume as a protection

against snow was considered, but as the design provided
for a velocity varying" from 6V2 to y]A feet per second, and
careful inspection was required during the first winter's
operation, it was decided to leave the system open until

the need of a cover could be better determined from actual

experience.

Forebay.—The forebay is of timber construction and
IcK^ated in a small depression, so that a hogsback lies be-
tween the forebay and the power house as a protection
against accident to the water system. Its general dimen-
sions are 18 ft. by 36 ft. long and 12 ft. deep, with ample
provision for overflow to a wasteway down a small ravine
to the river.

Penstocks.—There are two 42-inch penstocks from
the torebay to the power house, each 490 feet in length.
They were built by the Vancouver Wood Pipe and Tank
Company and are of wood-stave pipe construction with
staves 2^2 inches thick and steel bands of ;^ in. to 3/^ in.

diameter, spaced for pressure head from 30 ft. to 210 ft.

Each penstock was connected up with its turbine by 28
feet of steel riveted pipe, anchored in concrete and con-
nection between the wood-stave and steel pipes was made
l;y an expansion joint.

Generating Station Building.—As already noted, the
location of the generating station was governed not only
Ijy the plans for the present development, which can be
brought up to at least 5,000 h.p., but the prospect of a
future development of from 15,000 h.p. to 20,000 h.p. by
a conduit system direct from the Xorth Barriere Lake was
also considered.

At the site chosen, the sub-surface conditions of
alternate layers of gravel, quicksand and blue clay, re-
quired that the entire foundations of the building should
rest on piles, and these were driven to an average depth
of alxjut 30 feet to secure a firm supp)ort.

The entire structure was built of reinforced concrete,
the details for the tailrace and supporting walls, and
beams for the units requiring considerable form work. The
sand and gravel for the concrete was obtained close by the
plant, and there were no unusual features of construction
worthy of special mention.

The accompanying plan and elevation of the building
show the general arrangement and some details of con-
struction. The building as completed is intended to form
half of the final structure, the construction of the other
half will be carried out when other units are required.

The present dimensions are 45 ft. by 48 ft., making
the structure, when extended, 45 ft. by 96 ft. It will be

noted, on referring to the plans, that the arrangement for

the installation of the equipment is fairly compact, al-

though the high-tension equipment is well separated from
the other section. The construction of the generating

station was carried out by ^^'m. Cireenlees, of Vancouver.

Turbines.—There are installed two horizontal turbine

units of 1,100 h.p. each, manufactured by the Piatt Iron

Works, of Dayton, Ohio, and installed by the C. C. Moore
Company. They are the single discharge, inward flow

type, mounted in scroll casings divided horizontally, and
were designed to operate for 190 feet head at 600 r.p.m.

The runners are of bronze, 28-in. diameter, with a

pump-head speed of 66 per cent, of the spouting velocity.

The installation of each unit included a cast steel flywheel

5 ft. 6 ins. diameter, a 42-in. butterfly valve hand-operated,

and a 10,000 ftwt-pound direct connected oil pressure type

Lombard governor.

The guaranteed efficiency of the turbines was 81 per

cjnt. at full load and 84 per cent, at 80 per cent, full load ;

regulation 2 per cent, with 250 h.p. thrown off to 10 per

cent, by 800 h.p. off, and 20 per cent, by 1,100 h.p. off,

under two-second movement of governor.

Generators.—The generators were supplied by the

Canadian Westinghouse Company. They are direct con-

nected to the turbines and are designed for 750 kw. at

3-phase, 60-cycle, 2,200 volts. On the same bed plate and
direct connected to each generator is a 40-kw. , 125-volt,

600 r.p.m. exciter, each exciter capable of exciting both

generators when necessary.

There were two banks at three 500 kv.a. transformers

wound for 2,200 to 44,000 volts, oil-insulated and water-

cooled. One bank for the generating station and the other

for the sub-station at Kamloops.
Switchboard.—The switchboard includes at present

seven panels of natural black slate. They are motinted on
a gallery commanding a full view- of the units and have
the usual standard switchboard equipment for low and
high-tension control. The panels are placed with a view
to extension, so that on final completion of the building

the switchboard will consist of about twelve panels cen-

trally located.

From the switchboard to the low-tension delta at the

transformers 500,000 cm. varnished cambric, lead-covered

three-conductor cable in conduit, was used, and 300,000
cm. lead-covered three-conductor, 3,000-volt cable, from
the generator to the switchboard. The transformers and
switchboard equipment, including lightning arresters, was
supplied by the Canadian General Electric Company.

Transportation.—.All of the power plant equipment
was brought from Kamloops to the Barriere by the C.X.P.
Railway, and was hauled in to the plant over a govern-
ment road a distance of about five miles.

Transmission Line.—The length of the transmission
line from the Barriere generating station to the sub-station

at Kamloops is 43 miles, and w-ith the exception of two
stretches of about eight miles each, the line passes through
a comparatively open country parallel to the C.X.P. Rail-

way line with overhead crossings.

It follows as much as possible on the river side of the

railway to avoid future crossings when supplying power
for irrigation. The poles are of cedar, varying in length

from 40 to 50 feet generally, and are fitted with wooden
cross-arms designed with the view to a two-circuit line

at .some future time. These poles were obtained near the

line of the C.X.P. Railway, alxnit tliirlv miles north <if

the Barriere.

[Note—For description of Kamloops steam turbine

stand-bv plant, see The Cmuuliiui /v»c""'<'''. Xoxember
5th, 1914, issue.

—

Editor.]
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LETTER TO THE EDITOR.

The Fetish of Overhead Power Transmission.

Sir,—Why is it tliat with the constant recurrence

of interruptions to their systems, almost mainly due to

the adoption of overhead wires, underground cables have

not come in for their share of consideration?

With every puff of wind that springs up, heavy

surging sets in on the svstem and very often dislocates

one or other of the sub-stations, be it important or other-

wise. During the gale which blew on or about the 12th

of last month in Toronto and district the writer was
informed there were no less than 18 interruptions in 24
hours upon the hydro-electric system of this city, some
of quite a lengthy period from a business point of view.

Such a state of things would not be tolerated by any

well-managed large industrial concern, where there were

a number of employees at work, as these interruptions

would upset factory routine and discipline. Now the

overhead system has been fairly tried out, and it cer-

tainly seems to be found wanting.

There are obviously only two ways to secure con-

tinuity of supply—one by having a standby plant at the

termination of the main trunk cables. I believe such

has been or is being contemplated by the hydro-electric

commission, whilst the Toronto Electric Light Co.

already have such a plant. It is, however, very question-

able whether a scheme of this nature be profitable, for

when one considers the enormous capital sunk, and the

large standbv losses entailed, it would seem to be doomed
to failure.

The second method, and one which, I think, merits

serious consideration, is by the adoption of underground

cables. It may be asked, "Are these any more reliable

than overhead wires?" For answer one has only to

refer to European practice, where there are thousands

of miles of paper insulated cables laid, some working

under the most adverse conditions, yet in the large cities,

where the laying of the cables has received proper

attention, a failure is almost unheard of, and where they

have arisen, it has been due to faulty connections, of

which a great number naturally must exist in city dis-

tribution. There should be none of these on trunk feeder

mains, and when once properly laid they should form

the strongest link in the chain between the water-wheels

and the consumer. It is true that the voltages in use

in Europe on these underground cables certainly'have not

reached the pressures in vogue in this country on over-

head systems, but owing to the distances of transmission

being much shorter, no demand has arisen for cables

to withstand these very high potentials.

The writer, therefore, believes it is now time the

cablemakers got busy and showed what they are

capable of doing in this direction. This is essentially

a country of paper, and as this when suitably impreg-

nated has been found one of the cheapest and at the

same time best dielectrics for cables, there is no reason

why they could not be constructed to withstand the high

voltages now in daily use. The principal factor, there-

fore, from the cablemakers' point of view, would appear

to be one of "cost of cable, plus cost of laying."

Now, if the cost of concrete foundations, steel struc-

ture, porcelain insulators, etc., of the present system of

overhead constructions be added to that of equipping

a modern, up-to-date power station at terminal point,

and if the cost of maintenance, together with the run-

ning expenses of the power station, be capitalized and

also added, I believe it would be found to give a figure

so high as to enable the underground cable to compete.
Most of the cablemakers' work would be done in fac-

tories and by automatic machinery, so that there would
only be the necessary trenching and filling to be done
on site, and with modern trench excavators this could

be done both quickly and cheaply. I trust that the cable-

makers will go fully into the inatter, and see what
they can do.

HARRY F. CLAYTON.
Toronto, June 9th, 1916.

ORDINANCES TO CONTROL THE USE OF
SEWERS.*

SECTION 1240 General Code of Ohio requires that

plans for proposed sewerage systems shalj be sub-

mitted to and receive the approval of the State Board

of Health prior to their installation. In passing

upon such plans it has been the practice of the State Board

of Health to attach a condition of approval requiring the

council of the municipality to pass a suitable ordinance

defining the proper use of sewers for the purpose of pre-

venting the installation of improper connections and

misuse of the sewers.

In many communities storm w'ater sewers are installed

in advance of sanitary sewers and quite frequently the

storm sewers are misused to receive sewage. This results

in nuisances caused by odors emanating from the sewers

and by objectionable conditions at the outlets. Storm

water sewers are not designed to serve for sanitary pur-

poses and municipal councils should adopt a suitable

ordinance to prevent such misuse.

Sanitary sewers are frequently misused to receive rain

water from the surface or from cistern overflows and

downspouts. Such sewers are designed for conveying

sewage only and the addition of surface water results

disastrously in overtaxing the sewers. The excessive flow

is also detrimental to sewage treatment works as it exceeds

the capacity for which such works have been designed.

To secure the greatest benefits from sanitary sewers, care

should be exercised by those oflScials in charge of the

maintenance of such improvements to require the proper

use of the same.

The appended ordinances properly control the use of

sewers and the establishment of connections thereto. In

any individual case the ordinance to be adopted may re-

quire some modification to meet local conditions, but in

the principal features relating to the classes of wastes

which may be discharged into sanitary and storm water

sewers, the ordinances should not be modified. The State

Department of Health will upon request furnish advice in

individual cases.

An Ordinance. No.

Mr.

To Regulate the Use of Storm Water Sewers.

Be it ordained by the council of the village of

, State of Ohio.

Section i. That before any connection can be made
to any storm water sewer constructed in whole or in part

by the village of a permit shall be

secured by the person or persons by whom the connection

is to be made. Application for permits shall be filed with

and permits shall be issued by the village clerk.

*Ohio Public Health Journal.
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Scclloii ::. Sewage, iiH'luding wastes lioni water

closets, sinks, bath tubs and laundries, industrial wastes

and other wastes objectionable because of appearance,

odor or composition, shall in no case be discharged into

storm water sewers. Cellar floor drains shall not be con-

ni'cted to storm water sewers. Cesspools or privy vaults

shall not discharge into or be connected to a storm water
sewer.

Section 3. Surface water, rain water from roofs,

subsoil drainage, cistern overflows, clean water Irom con-

densers, and any other clean and unobjectionable waste

water shall be discharged into storm water sewers.

Section 4. The village clerk shall inquire into and
ascertain the purpose of all connections for which permits

are requested and the permit issued shall definitely state

the permissible use of the connection in accordance with

Sections 2 and 3 of this ordinance.

Section 5. Ml connections in violation of this or-

dinance shall be abandoned and removed within two
months after this ordinance takes effect.

Section 6. Whoever violates any provision of this

ordinance shall be fined not less than five or more than
fifty dollars and shall pay the costs of prosecution ; and
any person who shall make an illegal connection to a storm
water sewer shall, if ordered by the health officer, remove
such connection and if this is not done witViin five days,
the health officer shall cause such connection to be removed
and the expense thereby incurred shall be paid by the

offending person. In default of such payment for a period

of thirty days the said expense shall be certified to the

county auditor to be assessed against the property for

which the connection was made.
Section 7. All ordinances or parts of ordinances in

conflict or inconsistent with the provisions of this ordinance
are hereby repealed.

Section 8. This ordinance shall take effect and be in

force at the earliest time allowed bv law.

Passed ig

Signed

Mayor.

Clerk of Council.

.\n Ordinance. No

Mr

To regulate the use of sanitary and storm water sewers,
to provide for the operation and maintenance of

sewers, pumping station and sewage treatment works
and to provide for the appointment of a superin-
tendent of sewers and sewage treatment works.

Be it ordained by the council of the village of
,

State of Ohio.

Section i. That before any house sewer can be con-
structed, or any connection can be made to any sanitary
sewer or any storm water sewer constructed in whole or
in part by the village of

, permit shall

be secured by the person or persons by whom the sewer is

to be constructed, or the connection is to be made. Ap-
plication for permits shall be filed with and permits shall
be issued by the superintendent of sewers hereinafter
provided for.

Section 2. A connection to a sanitary sewer or a
storm water sewer shall not be made except by licensed
plumber or a licensed sewer tapper and no such connec-
tion or the trench in which the drain is laid shall be covered
or filled until the work has been inspected by the super-
intendent of sewers.

Section 3. The issuing of permits shall be governed

bv the following rules:

Sewage, including wastes from water closets, sinks,

bath tubs, laundries, and other objectionable wastes shall

be discharged into sanitary sewers and in no case into

storm water sewers.

Cellar floor drainage shall be discharged into sanitary

sewers.

Industrial wastes shall not be discharged into a storm

water sewer but mav be discharged into a sanitary sewer

if the waste is of such character as not to be detrimental

to the sew^ers or to the sewage treatment works. Where
such wastes are detrimental to the sewers or sewage treat-

ment works they shall be otherwise disposed of in a satis-

factory manner or so improved in character as not to be

detrimental to the sewer system or sewage treatment

works.

Surface water, rain water from roofs, subsoil drain-

age, cistern overflows, clean water from condensers, and

any other clean and unobjectionable waste water shall be

discharged into storm water sewers and in no case into

sanitary sewers.

Connections with cesspools or privy vaults shall not

be made into sanitary or storm water sewers.

Section 4. .A.ll connections in violation of this or-

dinance shall be abandoned and removed within two
months after the completion of the sanitary and storm

water sewer system and sewage treatment works.

Section 5.- The sewage pumpmg station and the

sewage treatment works shall, from and after completion,

be maintained and operated in a satisfactory manner at all

times.

Section 6. Prior to the completion of the sewer
system and sewage treatment works and before any con-

nections to the sewers are permitted the mayor shall ap-

point a competent person as superintendent of sewers.

The superintendent so appointed shall be charged with

the care, maintenance and operation of the entire sewer

system, the sewage pumping station and sewage treatment

works. He shall issue the permits and make the inspec-

tions heretofore provided for and shall perform such duties

in relation and pertaining to the provisions of this

ordinance as council mav direct. He shall give bond in

the sum of five hundred dollars, with sureties approved by
the mayor for the proper performance of the duties of his

office. The superintendent of sewers shall receive a com-
pensation of dollars per annum payable from
the fund.

Section 7. \\'hoever violates any provision of this

ordinance shall be fined not less than five or more than

fifty dollars and shall pay the costs of prosecution and any

person who shall make an illegal connection to a sewer
shall, if ordered by the superintendent of sewers, remove
such connection and if this is not done within five days
the superintendent shall cause such connection to be re-

moved and the expense thereby Incurred shall be paid by

the offending person and in default of such payment for

a period of thirty days the said expense shall be certified

to the county auditor to be assessed against the property

for which the connection was made.

Section 8. This ordinance shall take effect and be in

force from and after the earliest time allowed by law.

Passed bv Coimcil

Signed
Mayor.

Attest

Village Clerk.
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NON SIBI, SED PATRIAE.

In the last Weekh' Bulletin issued by the Depart-

ment of Trade and Commerce, Sir George E. Foster

voices an appeal for the co-operation of various public

bodies, including engineering associations, in the prac-

tical solution of the problems which will undoubtedly

confront us as a people after the war is ended. While

it is questionable how soon the war will end, there

can be no question as to the wisdom of bringing to bear

on this important subject the best intellects that can be

found in the country.

Unusual conditions are bound to prevail immediately

following the cessation of hostilities, when between

fifteen and twenty million men will lay down their arms

and flood factory, office and field. In addition, thou-

sands of men who have been strenuously engaged in

the production of munitions of war, will be thrown out

of employment and will have to look for work in other

lines. In view of these facts there is an urgent demand
that leaders in all branches of industry, commerce, en-

gineering and finance get together and, in a spirit of

service, deal with these problems in a statesmanlike

manner.

The engineer, who up to the present has been over-

modest so far as his part in the direction of national

affairs is concerned, must in the future "find himself"

in a far larger degree. By reason of his training and

talents he is well able to measure up to what can reason-

ably be demanded of him in the effort to work out satis-

factorily the problems which will follow the war. This

war has brought the engineer suddenly to the front

—

he must stay at the front, even after the war is over.

Not only on the firing-line, but in the industrial organi-

zation back of the world-struggle the genius of the

engineer is seen everywhere.

Surely, in view of the fact that the war has been

almost entirely determined by engineering principles, it

is not too much to expect that after it is over the

engineer should do his part in helping to solve the great

reconstruction problems, both abroad and at home.

It is most desirable that the engineering profession

should have an important p'art in the programme outlined

in -Sir George E. Foster's circular, and it is to be hoped

that engineers, individually as well as collectively through

the various technical societies to which they may belong,

will accept the challenge and contribute their quota,—not

for their own personal benefit, but for the good of their

country.

UNDERGROUND POWER TRANS.MISSION.

On another page of this issue there is a letter from

Mr. H. F. Clayton, which he entitles "The Fetish of

Overhead Power Transmission."

We assume that Mr. Clayton has in mind the laying

of underground cables from Niagara Falls to the various

n^anufacturing centres in Ontario. Theoretically, the

idea is good, and Mr. Clayton's letter may stimulate

research work in that direction. Practically, however,

the suggestion is considerably ahead of the times, and

must await the production of a dielectric that will stand

up under pressures up to 100,000 volts a.c. before under-

ground construction for high voltages could compete
with overhead line construction in either cost or

efficiency.

A short length of cable is being operated in Switzer-

land at 40,000 volts a.c, but with that exception no

cable has yet been designed, so far as The Canadian
Engineer can ascertain, to withstand a working pressure

over 33,000 volts a.c.

Several years ago a prominent Canadian hydro-

electric engineer considered the possibility of constructing

a 44,000-volt, three-phase cable for a comparatively

short portion of a transmission system. But, we believe,

he could not find a manufacturer who was prepared to

submit a price and install the cable under a guarantee.

LETTER TO THE EDITOR.

"Another Water Powers Investigation."

Sir,

—

I note in your issue of June ist, an editorial

entitled "Another Water Powers Investigation," which,

I think, does less than justice to the work of the Commis-
sion of Conservation.

In 1910, one of our engineers, Mr. A. \'. White, ex-

amined all the powers in the province and in Nova Scotia.

In New Brunswick, he examined all the powers except on

the Restigouche and Upper Miramichi and procured data

from other sources respecting the latter.

In Quebec, our hydro-electric engineer, Mr. Leo

Denis, examined many powers and procured data respect-

ing others from the engineers of the hydro-electric com-

panies and others.

In Ontario, we utilized the comprehensive reports of

the H3-dro-Electric Commission and Georgian Bay Canal

Survey.

The foregoing were all published in our "Water
Powers of Canada," 191 1, which also included the avail-

able data respecting water powers in Prairie Provinces

and British Columbia.

Since 191 1, Mr. Denis has examined the rivers to the

east of Lake Winnipeg and the Nelson, Hayes, Upper

Churchill, .\thabaska. Peace and other rivers In Manitoba,

Alberta and Saskatchewan. As the Winnipeg and Sas-

katchewan and their tributaries had already been examined

und-r the direction of Mr. J. B. Challies, he courteously

agreed to supply the data re these streams. The fore-

going have been incorporated in our report on "Water
Powers of the Prairie Provinces," which will be issued

to the public at an early date.

In BriMsh Columbia, Mr. A. \'. White has been en-

gaged in field examinations for three years, and has

prepared an exhaustive report, which is now in the hands

of our editorial staff. It covers the field in great detail,

and, like the two above-mentioned reports, will be

authoritative for many years.

JAMES WHITE,
.\ssistant to Chairman, Commission of Conservation.

Ottawa, Ont., June 2nd, T916.
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PERSONAL.

HENDERSON & TAYLOR were recently appointed

inunioip;il engineers at Matsqui, B.C.

DON. E. LESLIE, Sarnia, Ont., has been ap-

pointed manager of the Sarnia hydro oflice.

G. B. RY.'VN, who has been chairman of the Water
Commissi 5n at Giielph, Ont., for the past eight years,

has resigned

HECTOR SOMERVILLE PHILIPS, .\.M.Can.Soc.

C.E., of Toronto, has been elected an associate member
of the .American Society of Civil Engineers.

H. A. BRECKENRIDGE, formerly with the Mont-
real Locomotive Work, Montreal, has become purchasing

agent of the Lima Locomotive Corporation, Lima, Ohio.

ANDREW A. KINGHORN, C.E., Toronto, has

been appointed by the Provincial Government to super-

\isc the construction work of the Toronto-Hamilton
Highway.

T. C. DUXC.AX, E.E., for many years electrical

superintendent of the public utilities of the city of Prince

Rupert, B.C., has resigned that position to engage in

private consulting work in the same city.

R. M. WILSON, chief engineer of the Montreal
Light, He-it and Power Company, contributed a paper
on "Frazil" at the convention of the National Electric

Light Association, recently held at Chicago. P. T.

DA\TES, of the power sales department of the same
company, was among the Canadian delegates.

SIR \\TLLIAM PRICE, chairman of the Quebec
Harbor Commission, has resigned owing to war obliga-

tions. Though not authentic, it is re|xirted that Mr. D.
O. L'ESPERANCE will be appointed as Sir William's
successor, and that Mr. J. G. SCOTT will represent the

English-speaking element on the Commission.

OBITUARY.

Lieut. TRAFFORD JONES, who practised as a

civil engineer in and about Toronto for some eight years

and enlisted last May with the Canadian Armv Service

Corps, met his death near Ypres during an aerial battle

with German aviators. He w^as 2g years of age.

Lieut. C. S. D. ROSS, of Calgary, who was re-

cently killed in action at the front, came to Canada from
Cheshire, England, and was for some time engaged as

civil engineer with the C.P.R. He left with a Calgary
engineer battalion early in the war, and had been in the

trenches for over a vear.

CANADIAN SOCIETY OF CIVIL ENGINEERS.
ELECTIONS AND TRANSFERS.

At a meeting of the council <if the Canadian Society

of Civil F'ngineers, held on May 23rd, the following

elections and transfers took place :

—

Members—Francis Blossom, New York City ; David
.Mbert Molitor, Toronto.

.Associate. Members—Hugh Ross Mackenzie, Regina,
Sask. ; W^alter Matheson, Montreal ; George Gilbert

McEwen, Ottawa.

Juniors—Trevor Eardley-Wilmot, Montreal ; Dunian
Harold Macdonald, Aniigonish, N.S.

; John Randall

Roberts, Montreal.

Transferred from Associate Member to Member

—

Samuel Bruce McConnell, North Bay, Ont. •

Transferred from Student to .\ssociate Member

—

Francis Xavier Ahern, Quebec, David Howard Fleming,

St. Catharines, Ont.

COMING MEETINGS.

The \\'estern Canada Irrigation Association will hold

its convention at Kamloops, B.C., July 25th, 26th and
27th, 1916. The list of speakers already secured for this

convention insures a very profitable conference. Among
these are the following. Don. H. Bark, chief of the

irrigation investigations, Canadian Pacific Railway,

Strathmore, Aha.. ; J. C. Dobson, chairman, Hydro-
Electric Co., Kamloops, B.C., who will speak on "The
Possibilities of Irrigation by Hydro-Electric in the Thomp-
son Valley" ; William Young, comptroller of water rights,

British Columbia, \'ictoria, B.C., on "Irrigation District

.\cts."

HYDRATED LLME IN CONCRETE PAVEMENTS.

{Continued from page 634.)

The percentage of wear decreased throughout both
series with the increase of lime content. Contrary to the

results obtained in the other tests, the resistance to wear
increases past the points at which the highest values were
obtained for tensile strength, compressive strength, and
toughness. The increase is, however, not so rapid beyond
these points in either series.

Conclusions.— ihe results of tests described above
would indicate a certain marked advantage resulting from
the addition of hydrated lime to Portland cement mortars.
As well as an increase in the various properties determined
there is the additional advantage that the material is more
easily handled when the finished surface is developed,
trowelling being easier than when the lime is absent.

From a close observation it would appear that there

was no decided chemical reaction between the lime and the

other contents of the mixture. Apparently the lime acts

as a void filler, giving a more dense mixture and increas-

ing the sand carrying capacity of the cement. If a high
calcium lime were used there might be a certain limited

reaction between it and the silicates of the cement.

From a comparison of the results obtained by other
experimenters and those obtained by the writer it would
appear that the least percentage of lime that would give

the best results will vary with the grading of the fine

aggregate.

A study of the accompanying curves will show that

the variations in the different properties bear a close re-

lation to each other. This indicates that the material is

generally benefited by the addition of the proper propor-
tions of hydrated lime.

The above determinations can only be called of pre-

liminary importance. They indicate the percentage of

lime that gives, approximately, the best results. A further

series of tests of mortars with lime contents of 6 per cent.,

7 per cent, and S per cent, for i :2 mortars, and 14 per

cent., 15 per cent., 16 per cent, and 17 per cent, for i '.4

mortars would show within one per cent, w'hero the maxi-
mum strengths were developed.
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NOVEL THEORY APPLIED TO DIFFICULT FOUNDATION
PAPER PREPARED FOR THE CANADIAN SOCIETY OF CIVIL ENGINEERS,
DESCRIBING THE METHOD EMPLOYED IN DESIGNING FOUNDATIONS
FOR THE FEDERAL LEGISLaTI\-E PAL.XCE IN' MEXICO CITY.

By SIFROY JOSEPH FORTIN, Mem.Am.Soc.C.E..

Chief Engineer's Branch, Department of Public Works of Canada, Ottawa, Ont.

IN
designing ihe foundations of the Federal Legislative

Palace now being built by the Mexican Government
in the city of Mexico, the novel assumption was made
that the bearing- capacity of the subsoil gradually

decreases from the perimeter towards the centre of gravity

of the structure.

The building is 420 feet long, 370 feet wide, and in

a general way it is composed of three stories and a base-

ment ; the highest part of the steelwork in the dome is 221

feet above the foundation.

Work was begun in 1905, after many preliminary

experiments rendered necessarv owing to the unreliable

bearing capacity of a heterogeneous subsoil. The con-

solidation of the ground,

to which we will refer '' _?-

later, was finished in

1 9 10 and the erection of

the steel structure was
started in April of the

same year. Due to the

political troubles since

igio, work on the struc-

ture has been entirely

stopped since the sum- Fig.
mer of 1913. If the work
is carried out according
to the original design it will cost over $12,000,000.

The design of the superstructure, which is of the well-

known type of steel skeleton, though very complicated,

did not present any unusual problem, but the foundations
were designed according to a new theory. The usual way
of designing foundations is to assume that the subsoil has

a uniform resistance and, therefore, it is loaded at a

uniform pressure per unit of surface; the contrary idea

prevailed in designing the foundations of the Palace, for

the capacity of the subsoil to resist pressure was assumed
to gradually decrease from the perimeter towards the

centre of gravity of the building.

The greater part of the city of Mexico is built on the

.

site of an old lake called Texcoco, whose elevation is 7,400
feet above sea level. Mountains surround the \'alley of

Mexico, one of which, the .\jusco, rises 13,000 feet above

sea level. The site of Mexico City is the lowest part of the

valley and for ages volcanic ejections, alluvial matter,

etc., have been washed down into the valley from the

mountain sides. " .At the Palace site the soil is composed
of a layer of filling matter, debris, dust, etc., about seven

feet thick; underneath comes a very peculiar and unique

substance. It has the appearance of clay and lies in alter-

nate beds of various thicknesses of brownish and reddish

color. That substance is as soft as butter and some of it

emits a peculiar smell as of decomposed vegetable matter.

It is mixed in various proportions with volcanic ejection

or sand.

From time to time one comes across a thin layer of

sand and occasionally we meet a pocket which no doubt

was originally filled with water. This substance weighs

sometimes as little as 70 pounds per cubic foot ; that is to

say, some 10 to 15 per cent, more than pure water. When
this substance is taken out of the ground, the water can-

not be squeezed out by pressure, but if left exposed to the

atmosphere and to the
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1.—Illustrating the Variation of Resistance of a Plastic Body

from the Edges to the Centre of a Foundation.

sun, it loses from 41 to

sometimes 82 per cent,

of its volume, becoming

a gritty lump. This sub-

soil has an unknown
depth, artesian wells 800

feet deep having been

bored without finding

l^ed-rock, though oc-

casionally the drill meets

boulders of various
sizes.

This clayey material cannot suppoi't even a light load

without deformation. When the steel for the structure

arrived at the site it had to be spread evenly on the ground,

otherwise uneven settlement was immediately observed.

In all constructions of any importance the walls have to

be carried up level in order to avoid uneven sinking. It

can be judged from this that foundations in Mexico City

are a verv delicate problem. .Almost all the buildings in

the city are out of level and out of plumb.

The most peculiar thing, however, in connection with

foundations in Mexico is that the centre of the buildings

almost invariably sinl<s more rapidly than the perimeter;

not onlv that, but the elevations, if of any length, say, 75

feet long or longer, invariably sink more in the centre than

on the ends, taking a concave form.

The engineer in charge of the foundations for the

Federal Legislative Palace was Scnor Gilherto Montiel,

who was also at that time Deputv Minister of the Depart-

ment of Public Works. Senor Montiel was fully aware of

the bad quality of the subsoil of Mexico and particularly

of the fact stated above, that all foundations sink more

in the centre than on the edges. He looked about for an
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explanation ol iliis tvil and it CK;cuiTcd to him that the
>nbsoil of Mexico, imder a load, was acting more like a

semi-solid or plastic body than like a solid material. After

long researches, he found that Rankine had studied this

problem in his Manual of Civil Engineering and Applied

Mechanics. He also found the entire theory of the re-

•iistance of a semi-solid body to pressure in a book called'

"Theories des Potentiels," by Boussinesq, a French
author.

The. theory proves that the resistance of a semi-solid

body to pressure varies from the perimeter towards the

centre as the co-ordinates of an ellipse. The variation of

resistance of a plastic body from the edges to the centre

of a foundation can also be illustrated graphically.

(See Fig. i.)

We have assumed that the pressure due to a load
follows an angle of friction of 45 degrees, but any other
angle will give similar results. On the sketch we have
taken into consideration four equal loads placed at equal

intervals. It is seen that the pressure on the soil decreases

from the centre towards the ends because, as we go down
I he loads merge one into the other, the pressure per unit

of surface in the centre in this case and at a given depth
being four times the pressure near the ends. When we

Fig. 2.—Ellipse A.
a = 182.572 a' = 33,332.34
b = 1,000 b" = 1,000,000

jr ^ X (a — x)

b= d"

deal with good foundation material this effect is not
noticed because a material which can resist a certain
pressure per unit of surface without deformation will

equally resist one-quarter of the same pressure ; but,
when we deal with semi-solid material or such subsoil as
we find in Mexico, we recognize immediately that a
pressure of one-quarter of a given load will produce less
effect than the entire load will. It has occurred to us that
if the concave effect is not oftener noticed in construction
on weak subsoil it is because walls well built may act as
a beam or perhaps as an arch in certain instances.

In preparing the foundation for the Palace, Senor
Montiel first excavated a hole four feet below the street
level, thereby removing part of the filling. After that, a
cofferdam was built surrounding the entire site, said coffer-

dam being of reinforced concrete five feet thick and ex-
tending 24 feet below the floor of the excavation.

Then Senor Montiel proceeded to consolidate the
ground ; that is to say, to increase its bearing capacity.
To accomplish this he drove sand piles in the bottom of

the excavation ; or, to express it more correctly, he drove
holes eight inches in diameter from 10 to 14 feet deep and
20 inches centre to center and proceeded to fill these holes
with sand which again was pressed into the ground,
pressed down by the pile ; the hole was then again filled

with sand which again was pressed down into the ground,
the operation being repeated two, three and sometimes
four times. One hundred and fifty thousand of these sand

piles were driven in or injected into the ground, and to
give an idea of the quality of this ground, we will say that
the holes were made with a wooden pile driven in by a
small pile-driver and the pile went in four to five feet at a
single blow. Iksides, enough sand was injected into the
ground to raise the level of the pit five feet, whereas it

was found that it only had been raised about one foot.

Underneath heavy walls and heavy column loads, long
wooden piles were driven in between the sand piles.

.Mter this work was finished, a bed of loose broken
stone alx)ut one foot thick was provided, covering the
entire surface within the cofferdam. The loads brought
on the foundations by the columns and walls were spread
out by means of steel grillages. Under each grillage was
placed a bed of concrete 20 inches thick, but these beds
were isolated and not continuous though, naturally, some-
times these beds serve more than one column, depending
on the necessities of the design.

The consolidation of the subsoil required two years
of hard work, and no doubt the bearing capacity of the
ground has been increased. Nevertheless, Senor Montiel
thought that some sinking would still occur and conse-
quently the structure was started four feet higher than
required, to allow^ for expected settlement.

The assumption that the subsoil would still act as a

semi-solid or plastic material was adhered to notwith-

standing the consolidation, and consequently the ground
was loaded unevenly, the unit pressure decreasing as the

co-ordinates of an ellipse from the perimeter towards the

centre of gravity of the building.

First it was assumed that the average uniform

pressure that the ground could safely carry was i ,000

grams per square centimeter, equivalent to 2,048 pounds
per square foot. Then it was decided that the pressure

in the central zone, into which fell the entire foundation

of the cupola, should be 1,947 pounds per square foot,

and that the difference in pressure in adjoining zones

should be 25 grams, equivalent to 51 pounds per square

foot, so that in the second zone the pressure became 1,997
pounds and in the third zone, 2,048 pounds per square

foot, etc.

Ellipse A was then constructed. For its semi-minor

diameter we adopted 500 grams per square centimeter

(1,024 pounds per square foot), or one-half of the average

unit pressure, and for its semi-major diameter we adopted

the distance from the centre of gravity of the building to

the farthest corner of the cofferdam, or 299.51 feet. See

Fig. 2.

It was then found that the dividing point between the

first and second zones w-as at a distance of 93.51 feet from

the centre of gravity of the building measured on the line

running from the said centre of gravity to the corner of

the cofferdam. Likewise the dividing point between the

second and third zones is 130.55 feet from the same centre

of gravity, etc. For a cleare!- conception of ellipse .-^ it

should be regarded as lying in a vertical plane passing

through the centre of gravity of the building and the

farthest corner of the cofferdam ; the centre C of the ellipse

coinciding with the centre of gravitv and point D with

the corner of the cofferdam. See Fig. 3.

Here the reader may well ask if ellipse .'\ has been

constructed in strict accordance with the theory developed

and analyzed by Rankine and Boussinesq. The answer is

that it has not. The researches of these authors cover cases

of uniformly distributed loads, whereas at the Palace we
have heavy concentrated loads very unevenly distributed.

The selection of the major and minor diameters of ellipse

.A. was arbitrary but served the object in view, vie, to
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have the unit pressure in the various zones decrease as

the co-ordinates of an elhpse.

In the central zone the pressure is 1,947 pounds per

square foot and in the zone in which the four corner

columns of the structure stand, the pressure is 2,560

pounds. The extreme difference in unit pressures is there-

fore 613 pounds or, say, 32 per cent.

At this stage of our calculation we therefore had

\arious points: 93.51, 130.55, etc., where the pressures

were changing and had the building been as wide as it is

Jong, we would have drawn circles passing through these

points thus defining the pressure zones. But, the structure

being longer than broad, we determined on ellipses for

defining the zones. These ellipses, which we call B (see

Fig. 4), have all the same centre which is the centre of

gravity of the building, have their major diameter coin-

ciding with the longitudinal axis of the building and their

minor diameter running along a transverse axis passing

tlirough the centre of gravity of the building. This centre

of gravity lies 17-39 ''^^t west of the centre of- the dome.

Ellipses B lie in horizontal planes, pass of necessity

through the dividing points 93.51, 130.55, etc., as de-

termined by ellipse A, and finally their minor and major

diameters have the same relation as the width of the

building has to its length, vie. :^ = 0.88
420

There remains now only to develop the formulas

shown below Fig. 4.

By calculating the area of each zone and multiplying

it by its corresponding pressure, we found that the average
pressure within the cofferdam was 2,136 pounds per square
foot instead of 2,048 pounds, which we had assimied.

The error of 4 per cent, being small we disregarded it,

though had we been able to reduce all the imit pressures

by 102 pounds we would have done it, but it was impossible

to do so because the foundation of the dome proper would
have encroached on the adjoining beds, thereby upsetting

the entire system. Besides, had we reduced the unit

pressure, the space within the cofferdam would have been
too small to carry the building. Nor did the architect

think advisable to reduce the weight of the structure. It

should be said here that the cofferdam was built before the

total weight of the building was figured and before the

system of uneven unit loading was adopted.

Unfortunately, we cannot at present judge whether
or not the theory of uneven unit pressure will fulfil our
expectation, because the walls have not yet been started.

All that can be said is that with the very small loads now
on, the foundations have settled, and parts of them un-

evenly, but this does not prove against the theory because

the present loads have no relation to the calculated ones.

The problem of a proper foundation in that part of

Mexico City formerly covered by the Lake Texcoco is yet

unsolved. .\ great many buildings, old and modern, have
the concave appearance referred to above, but sometimes
a corner will sink more than the rest of the structure,

showing that the subsoil is not homogeneous The south-

west corner of the Cathedral, built 300 years ago, is four

feet lower than the southeast corner. The northwest

corner of the National Theatre, now in course of con-

struction, has sunk four feet and four inches in four and
a half years ; in the same period the northeast corner has
sunk only two feet and ten inches. No provisions were
made in this building for settlement, with the result that

it 'already looks low and leans on one side. The School

of Mines Building, which is one of the oldest and finest

in the citv, is badiv cracked and in some parts in danger

of collapse. .\l the Federal Legislative Palace the subsoil
at the southwest corner shows signs of being weaker than
any other place within the cofferdam. Indeed, at that
place there exists an area of soft subsoil extending one or
two blocks westward; other areas of soft subsoil exist
within the city where the streets, originally level, are now
depressed sometimes as much as three feet.

For the better conception of the problem of founda-
tions in Mexico City, it should be noted that, as stated
above, part of the site of the present city was originally
under water. Gradually the water receded, but until
twenty years ago the lowest parts of the city were sub-
ject to periodical floods during the rainy season, and
tlie water le^•el at normal times was almost up to the level
oi the streets. Twenty years ago a sewerage system and
a drainage canal were built by a British firm' with the
result of eliminating the floods and of lowering the water
level throughout the city ; we now find water at from three
to ten feet, according to location.

In drying up, the ground has shrunk. This shrink-
ing of the ground certainly contributed to a certain extent
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Fig. 3.—Ellipse A.
(Measurements are expressed in meters.)

to the sinking of the houses, but in our estimation the
principal element causing the buildings to settle and be-
come out of plumb is the unsatisfactory and unreliable
clayey subsoil described above as evidenced by the fact

that new buildings, whose foundations are carried below
water level, are also sinking more or less rapidly, and as
a rule more rapidly than the old existing structures.

It is well proved by a large number of observations
that the sinking is more pronounced during the dry season,
lasting from November to June than while the rains last,

that is from June to November..

Levels run to the rocky mountainside have shown
that the City of IMexico as a whole is sinking at the rate

of three-eighths of an inch a year.

Some Mexican engineers advocate the driving of piles

for reinforcing the subsoil, while others claim that this

method is not effective and may even become prejudicial.

Examples are known of piles, driven during the day, shoot-
ing up during the night and damaging the ground. The
writer has seen advocated lately the idea of temporarily
loading the subsoil before permanent work is commenced,
thus causing an advanced compression and sinking of

the ground. This idea, however, can only be carried out
in special cases. Besides, we know of buildings 25 years
old and more that are still sinking.

One engineer, .Senor Angel Peimbert, lately advocated
placing the foiuidntions on the crust or present surface of
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ilu' i^iouiul, bivause ilie crust, iii;itic of ck-biis, dust, etc.,

is of a different substance than the clayey matter under-
neath, and besides, it is already compressed to a certain
extent. This method would not permit of building cellars,

but otherwise it is practicable, there being no frost in

Mexico; it might well be adapted to light and moderately
heavy structures, because the crust and tepetatc bed undei^

have better resisting power than the clayey subsoil. It is

evident, however, that notwithstanding any method em-
ployed to reduce or stop the sinking, efforts should be
used to reduce the unit pressure to a minimum and, when
dealing with important buildings covering large areas,

tests should be made before permanent foundations are

commenced.
Now, can the sinking be arrested, or at least re-

tarded? We believe it can, and the best method we know
is by injection, under pressure, of cement or cement and
lime mixed, under or close to the foundation. With this

method the sinking of a large store building in Mexico
was entirely stopped. The method has also been used in

connection with the National Theatre with great success.

Bv injecting cement at the proper places, the uneven settle-

^
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Fig. 4.—Ellipse B.

The length of the building is 1^7.37 meters, breadth
112.04. Long and short diameters of the ellipses B

are in relation to the length and breadth of the

building, or

—

~"
= 0.88.

b.

b = 1. 129 a.

a"

b' = 1.2746 a'.

c = 1.5082 a.

0.88 J

x'

0.88 X-

= 1. 2913 a-.

1.062 c.

ment has been stopped and the sinking of the entire

structure greatly reduced ; it was the intention of the

Mexican government to continue the injections until the

sinking had been entirely stopped.

The mode of operation is simply to make a hole in the
ground with a pile driven by an ordinary pile-driver; to

fill the hole, or at least place dry cement in the hole, and
push the cement into the surrounding ground with the
same pile. The cement coming in contact with water
contained in the ground will set, thereby increasing the
bearing capacity of the soil. .A.nother system used was
to push down the cement by hydrostatic pressure.

The metallic structure for the dome of the Federal
Legislative Palace is completed and riveted. The present
weight on this particular foundation is about 30 per cent,

of the calculated load, and with this light load, notwith-

standing the consolidation of the ground, the sinking in

two years amounted to sixteen inches. Levels were taken
monthly and they showed that the sinking was very even
and, furthermore, strictly in accordance with Senor
Montiel's prevision—so, to that date, the theory was
upheld.

The steelwork for the Palace, as well as the founda-
tions, was designed by engineers sent to Mexico by
Milliken Bros., of New York, and placed under the
writer's charge. .-Ml data, however, including the idea

of uneven pressure on the foundation, was furnished by
Senor Montiel, who alone could take such responsibility

on behalf of his government. The foundations are neces-

sarily heavy, due to the enormous weight of the building

and to the low bearing capacity of the soil.

The dome is situated near the centre of the structure,

and it is the principal feature of it architecturally as well

as structurally. It rests on a continuous concrete founda-
tion 150 feet long by 140 feet wide. The grillage weighs
over 4,000 tons, consisting mostly of plate girders, of

which there are 108, running the entire length and breadth

of the concrete bed. .Some weigh 50 tons, were fabricated

in New York, and were shipped to Mexico City in three

sections.

The superstructure of the dome weighs over 3,000
tons. There are plate girders 55 feet long, weighing 27
tons, at the base of the circular drum, which stands 120

feet above the foundation. These were brought from New
Y'ork in one piece and raised to their final resting place by
means of the erecting tower. Supporting these girders

are four latticed trusses, one on each side, each weighing

over eighty tons, but they came in pieces and were erected

by means of falsework. The dome complete, including

grillage, has been set by means of an erecting tower 50
feet square and about 200 feet high with one steel boom
70 feet long and of 30 tons capacity at each corner. This

tower was set before any steel arrived, and also served to

unload and handle the material. It was never moved, but

twice we cut the corner posts at the Ijottom to allow the

grillage girders to be erected.

RAILWAY EARNINGS.

The following are the railway earnings for the first

week of June :

—

Canadian Pacific Railway.

1916. 1915.

June 7 $2,674,000 $1,585,000 + $i,o8g,ooO

Grand Trunk Railway.

June 7 . $I.107,ogi $ Q59.077 +$ 148,114

Canadian Northern Railway.

June 7 $ 629,700 $ 409,400 -I- $ 220,300

The Traylor Engineering and Manufacturing Co., Allen-
town, Pa., has purchased control of the Cement-Gun Co.,
of New York. The head office has been moved to .MIontown,
and new officers elected as follows : S. W. Traylor, president

;

\V. J. Roberts, vice-president; F. R. Crispen, secretary; H.
Battersby, treasurer; and B. C. Collier^ general manager.

The American-Russian chamber of commerce has received
information that the Russian cabinet has decided after a
conference in Petrograd. to make preparations for the con-
struction of 25,000 miles of railroads in Russia within five

years. The Russian ministers of agriculture, industry, com-
merce, finance and war participated in the conference, accord-
ing to this information.
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WINNIPEG RIVER POWER AND STORAGE INVESTIGATIONS
A BRIEF RE\IE\V OF WATER RESOURCES PAPER No. 3, A.\ OFFICIAL PUBLICATION'
OF THE DOMINION \V.\TER POWER BRANCH, CO\'ERING THE DEPARTMENT.\L
INVESTIGATIONS INTO THE POWER RESOURCES OF THE WINNIPEG RI\ER W.Vi'ERSHED.

P.\RT II.

THE reach of the river considered in the power
studies, covered in Water Resources Paper No. 3,

of the Dominion Water Power Branch, extends

from Lake Winnipeg to the headwaters of the city

of Winnipeg municipal plant at Point du Bois, and com-
prises practicallv the entire drop of the river in Manitoba.

the hydrauHc gradient between the various falls and rajiids

is usually negligible, a combination of circumstances which
renders possible the utilization for power purposes of

practically the entire fall of the river.

Ice Conditions.—The northerly latitude in which the

\\'innipeg Ri\€r is located necessitates a most careful

HPINDABLE 14 HDUK POWtR
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I'xpusi'tl on tlic surface at all locations selected lor liydro-

ik'clric development. At severaf of the sites the rock out-

crops throushoiH llie entire layout.

Head and Tailwater Elevations.— It is not intended in

\\'ater Resources Paper No. 3 to unchangeably fix the

exact liead and taihvater elevations of all the proposed

Grand du Bonnet Falls, Ice Conditions.

concentrations. These final elevations are dependent on

full and complete surface level records under all conditions

of discharge. Owing to the comparatively unsettled nature

of a large portion of the river banks, it has been very

difficult to secure satisfactory and regular gauge readers.

As a result, on some reaches of the river, the surface level

records under dilTerent stages are not as complete as is

desired. This information is being

secured as rapidly as possible, and

will be available in sufficient time

to deal with any questions of ad-

ministration which may arise in

connection with the development of

the reach along the lines set out.

The head and tailwater levels as

set out in the report are considered

to very closely represent the final

levels, and any variation which

later information may necessitate

should not change the present con-

clusions to any great extent.

General Basis of Design and
Layout.—The submitted designs

and layouts have been \vorked out

in the head office in Ottawa on the

general basis set out in the follow-

ing, and have on this basis been

approved by Mr. J. B. McR.ie,

consulting engineer to the Do-

minion Water Power Branch. The
designs of the power houses, dams
and contingent structures, and the proposed hydraulic and
electrical eciuipment, have been developed only in sufficient

detail to permit making accurate estimates of the quan-

tities and costs involved. It is not intended that the de-

signs and layout proposed, and the equipment suggested,

should be adhered to in all respects by any parties develop-

ing the power at these sites. It is intended, however.

thai ihc basic elements of the design be maintained as

proposed, in the interests of the complete river develop-

ment scheme. These basic elements are: Head and tail-

water elevations, discharging capacity and stability of

dams, and stability and suili<:ienc}' of power houses and
contingent structures.

The layi)uts are designed for an
initial and for a final installation.

Ai points where the whole flow of

I lie river is available for develop-

ment, the preliminary installation

is designed to utilize 12,000 second-

feet (the present minimum flow of

the river), with provision for the

subsequent addition of sufficient

units to properly care for a regu-

lated flow of 20,000 second-feet.

The latter is spoken of throughout
the rport as the final installation.

The details of the designs, such
as sections and plans of the power
houses, dams, ice sluices, and em-
bankments, etc., have been stan-

dardized throughout all the plants,

\arying according to the head and
to the equipment at each site. In

all cases, single-runner vertical

turbines have been adopted. The
purpose of this standardization of

design is the desirability of having
the cost of development at each

site reduced to the same basis or measure in order that

the comparative merits of the different projects can.be
ascertained.

Estimates of Cost.—The question of the advisability

of publishing detail capital and operating cost estimates
was at first debated, as it was felt that they might be open
to criticism and that conditions changing with the passage

Pine Falls, Main Drop.

of time would possibly very materially alter the published

figures. It was thought, howe\er, that the advisabilitv of

supplying prospective users of power with some conserva-

tive and authoritative nieasiu"e whereby the economic as

well as the engineering merits of the various sites could

be readily compared, and with which competing sources

of power could be analyzed, more than outweighed other
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considerations. To neutralize possible future criticism of

tfie published estimates, care has been taken to supply in

the report such plans and data covering each site as will

enable independent estimates being made by any parties

interested in its development.

The general costs quoted are based on a twenty-four-

hour output, at 75% over-all efficiency, as this forms a

uniform and, considering the more than 90% efficiencies

claimed for modern turbine runners, conservative measure
for comparison. The figures on this basis, scarcely do the

de\elopments justice, since in them no account is taken

of peak loads and of the re-sale of power such as is always
possible in plants projected for the supply of power for

general industrial and lighting consumption. In all de-

signs ample machine capacity has been allowed to care for

all peak loads which can be reasonably expected, and to

supply spare units for emergencies. This over-develop-

ment has added largely to the estimated cost of the plants

and hence to the unit cost when the latter is based on
twenty-four-hour power. On the other hand, costs per

horse-power, based on the installation, frequently convey
erroneous ideas as to economic efficiencies, since local

conditions or an auxiliary steam
plant frequently permit the exces-

sive over-development of a particu-

lar power site in proportion to the

dependable power available from
the river. However, in the designs

and estimates considered, the

machinery installed bears, in all

cases, a definite ratio to the power
in the river, and this ratio cannot

be considered too high in plants

handling normal industrial and
lighting loads. The unit costs

based on installation can, there-

fore, be profitably studied in con-

junction with the unit costs on a

twenty-four-hour basis.

In all cases provision has been

made for access to the site by rail,

or in the case of the Pine Falls

plant, by water. In each case 10%
has been allowed for contingencies,

5% on this total for engineering

and inspection, and 5 '2% on the

whole for one year for interest

during construction.

The actual cost of the construction of the two exist-

ing plants on the river has been carefully studied and

compared with the estimated costs of the various proposed

developments. Independent estimates by private engineer-

ing firms have also been found to check closely with the

capital costs submitted. The estimates may therefore be

taken as setting out conservatively and closely the capital

construction cost of the proposed sites.

.A.S in the case of the capital costs, the annual opera-

tion costs have been estimated to a uniform standard, and

hence form a measure whereby the commercial prospects

of the different projects can be readily compared.

The operation costs include capital charges and are

published in terms of cost per horse-power-year twenty-

four-hour power ; cost per horse-power-year machinery

installed ; cost per kilowatt hour at 100 per cent, load

factor, and cost per kilowatt hour at 50 per cent, load

fpctor. These costs represent the operating charges at

the power station, and do not include transforming and

transmission.

Table I.—Undeveloped Power Sites on the Winnipeg
River in IVlanitobu.

Sile Q.i5.= I
I t 3

Pi.ie Falls 64 37

Du bonnet KhIIs .. C4 56

McArthur Falls 62 18

tLower Seven !sisier» 52 37

tUpper Seven Sisters 55 29

JUpper Pinawa .... 58 18

Slave Falls 74 26

Power Availahlh
24 Hour Power Turbine Insta
at 75% efficiency
12.000

Sec. ft.

4

37,900

•57.3U0

18,400

12,600

9,900

12,300

26,600

20,000
Sec. ft.

5

63 100

95,500

ation
(units considered'
I2.0U0

Sec. ft.

6— 10,TOO

9—10,000

30,700 11— 2,.500

37,90U

29,60<J

12,300

44,400

4— 4,500

8— 5,000

20.0000

Sec. ft.

10-10,000

14—10,0(0

17— 2,5110

6-10,0(10

8— 6,00i)

4— 4,50(1

13— 5,000

Total 175,000 313,500 2,35,500 473,500

Note.—• This tabulation assumes an initial developnrent at the Du Bonnet site

utilizing 12.000 second feet at 56 foot head.

( The Upper and Lower Seven Sisters sites are located in the main
channel of the WinnipeR River paralleling the Pinawa through which
8,000 sec. ft. is assumed to be diverted for the operation of The Winnipeg
Rlectric Railway Plant.

I The Upper Pinawa site is located on the Pinawa Channel.

Summary of Dependable Power.—.\ summary of the

undeveloped power, as outlined in the above power studies.

Seven Sisters Falls, Third Fall.

together with the total dependable power on the river in

Manitoba, including that devejoped to date, is appended

in Tables i and 2.

Table 2.—Total Power Developed and Undeveloped on the

Winnipeg River in Manitoba.

Undeveloped at proposed sites

Undeveloped at Point Du Bois

Developed on River to date . .

Total

Note.— Power in terms of 24 Hour Horse Power at 75% efficiency.

The above tables indicate that there is 53,200 horse-

power developed to date, 196,100 horse-power undeveloped

and available in times of present low water on the river,

and 365,300 horse-power undeveloped and available when
the river is regulated to a minimum flow of 20,000 second-

feet. It must be borne in mind that these totals are given

Unregulated Flow
12.000 sec. ft.
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in it'ims of twcniy-l'oin-hour power, and hence give a

ralluT limited estimate of the river's resources. A transla-

tion III these totals into shorter range power will therefore

pro\ e of interest.

Table 3.— Dependable Power on Winnipeg River

in .Manitoba.
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horse-power on this basis is $7.08, or 0.216 cent per

kilowatt hour on a 50% load factor. The average load

carried by the Pine Falls plant could, under a regulated

river flow, be maintained at 63,000 horse-power and

readily carry a peak load of 126,000 horse-power. The

actual cost per kilowatt hour is therefore probably more

truly represented by the figure 0.108 cent than by 0.216

cent.

These remarks apply with equal force to the estimates

of the other projects along the river.

[Part III. (final) will cover the details of a typical

concentration as treated in the report.]

WINDSOR DISTRICT SEWAGE DISPOSAL.'

FORD CITY, VValkerville, Windsor and Sandwich,

Ontario, are municipalities lying adjacent to one

another in the order named and for.n one large com-

munitv, which extends for five miles along the

Detroit River, directly opposite Detroit, Mich. There

are two ferry lines, one in Windsor and one in Walkerville,

which make regular trips to Detroit during nearly 18

hours of the day. Passenger and freight connection with

the east and west is provided by the Michigan Central,

Grand Trunk, and Pere Marquette Railroads. Because

Walkerville and W'indsor waterworks intakes. The main
existing sewers of Walkerville, Windsor and Sandwich
are all combined sewers and follow streets perpendicular

to the course of the Detroit River. They discharge at

levels approximately corresponding to normal river stages.

There are none that discharge above the Walkerville

waterworks intake, but the three which discharge in

Walkerville are all above the Windsor intake.

The total population was approximately 12,000 in

1890, 15,000 in 1900, 22,600 in 1910, and 33,000 in 1915.

It is evident that the district as a whole has been a rapidly

growing one during recent years. Ford City having been

stimulated by the automobile industry, Walkerville by

automobile and distilling interests, and Windsor and

Sandwich by a general increase in industrial development

of their own, combined with that of Detroit. Owing to

the large territory now covered by Detroit, there are at

the present time an increasing number of people who find

it convenient to live in Windsor, though they work in

Detroit. Furthermore, the excellent traffic facilities, com-
bined with the industrial spirit manifestly present on both

sides of the river, should stimulate manufacturing de-

velopments so that it is extremely probable that future

growth will be rapid also. .'\11 things considered, it seems

probable that the district will have a population of 100,000

or more within 30 or 35 years.
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;iblt' Kicalioiis lor ticalmciu plains, and liavc both bet'ii

considered. The Ford City section was abandoned, how-
ever, because of its being located above the existing water-
works intakes. The low land along the river front in

Sandwich is ample in extent, and considerable latitude

may be exercised in locating a treatment plant in this

section. The site selected was chosen, after careful study,

as being the most economical from the standpoint of inter-

ceptor cost, which is apparently the controlling factor.

There are sites otherwise suitable farther down the river,

but their use would necessitate a considerably longer
interceptor line.

.A.n interceptor has been designed to collect all the
sewage of the district upon the basis of 20 persons per
acre for 400 acres in Ford City and 30 persons per acre
in most of Windsor, Walkerville and Sandwich. Pumping
stations assist in decreasing the lift of the entire quantity
of sewage when delivered at the treatment works. This
interceptor will be large enough to take all the sewage of
the district for many years. .At some future time other
high-level interceptors will be required. The course of
future development of Ford City is. so uncertain, and the
field data so incomplete, that it is difficult to predict at all

accurately what requirements the future may bring forth.
It is possible that there may be a pumping station required
at some future time to lift a small amount of sewage into
the proposed high-level interceptor. The lift will be low
in any case, and the cost relatively unimportant as com-
pared with the cost of the entire project.

The cost of the interceptor, pumping stations and
treatment plant, based on the needs of 55,000 population,
is estimated at $404,786. Of this, $123,000 is for treat-
ment plant, $15,800 for pumping machinery, $11,900 for
pumping buildings, $9,000 for land and $245,086 for in-
terceptor and Ford City collection system. The estimated
cost of operation for labor and materials alone is $16,000.

The cost of the same system based on 1 10,000 popula-
tion is $829,187, of which $244,000 is for treatment plant,
$15,800 for pumping machinery, $11,900 for pumping
buildings, $9,000 for land, and $548,487 for interceptors
and appurtenances. The estimated annual labor and
materials for operation is $25,000.

TRADE INQUIRIES.

The following: inquiries relating: to Canadian trade have
been received by the Department of Trade and Commerce,
Ottawa. The names of the firms making: these inquiries,
witn. their addresses, can be obtained onlv bv those especi-
ally interested in the respective commodities upon application
to: Ihe Inquiries Branch, the Department of Trade and
Commerce, Ottawa, or the Secretary of the Canadian Manu-
facturers Association, Toronto, or the Secretarv of the Board
u ,-I \f^ London, Toronto, Hamilton, King-ston, Brandon,
Halifax, Montreal, St. John, Sherbrooke, Vancouver, Victoria
Winnipeg, Edmonton, Calg-ary, Saskatoon, Chambre de Com-
merce de Montreal and Moncton, N.B. Please quote the
reference number when requesting- addresses:

448. Iron Steel Merchant Bars, Hoops and Bands, Sheet
Steel Rods (Iron and Steel).—Quotations requested c i f
Glasgow.

452- Steel Wagon Axles—A Yorkshire firm desires the
addresses of Canadian manufacturers who can supply mili-
tary' wagon steel axles.

453- Bauxite, .Asbestos, Silicia, Steatite, Soapstone,
French Chalk, Graphite, Plumbago, Carbon, Vegetable Min-
eral and Animal Charcoal Chrome and other Ores.—A Glas-
gow firm would be very glad to enter into communication
w'lth Canadian exporters of the above.

464. Iron and Steel.

—

A Birmingham merchant is open
to purchase rods and steel billets. Prices c.i.f. Liverpool.

50J. Ccnieiu— .\ hriii in Barbados handling cement would
like to communicate with firms in Canada in a position to
export.

503. Electrical supplies—A well-known firm in Barbados
would like to get in touch with Canadian exporters of elec-
trical supplies.

50O. Bar iron—A Barbados engineering firm wishing to
iraport bar and other iron asks to be put in communication
with Canadian manufacturers.

508. Hardware—.A Demcrara commission merchant asks
for names of Canadian hardware manufacturers, with a view
to secuiing an agency.

512. Hardware—.^ commission firm in Demerara, with
good foreign connections, desires to represent Canadian
manufacturers of hardware.

525. Railway and mining supplies—A Johannesburg firm
of engineers is open to take up the representation in South
Africa for Canadian manufacturers of mining and railway
supplies.

526. Kertilizers—.A Durban manufacturers' representa-
tive is prepared to take up Canadian fertilizer agency.

530. .Agency—.A Durban firm of rnanufacturers' repre-

sentatives with branch office in Johannesburg is prepared to

take up agencies for Canadian manufacturers on commission
basis only.

531. Representation—A Johannesburg manufacturers'
representative is seeking agencies for Canadian wire nails,

barbed and plain wire, handles of all kinds, wheel valves and
gun metal steam fittings.

535. Molybdenum and metals—A gentleman in Paris,

France, is anxious to get in touch with producers of molyb-
denum. He also desires to open connections with a large

wholesale house dealing in metals in order to import soft

lead, copper, brass, tin, zinc, and antimony, and states that

he prefers to be put in touch with a firm of wholesale metal

dealers, rather than with producers for technical reasons.

536. .Agency—.A gentleman who is shortly taking up resi-

dence in England desires to get in touch with Canadian firms

w'ho require a representative to handle their goods on a com-
mission basis.

574. Hardware.—The proprietors of one of the largest

hardware distributing establishments in India desire to

receive price lists and catalogues from Canadian shippers of

the foUow'ing articles with a view to opening up trade rela-

tions when conditions become normal : Galvanized iron pipe,

etc. A catalogue showing the type and price of British and

American goods now imported by this firm may be inspected

at the Commercial Intelligence Branch, Department of Trade
and Commerce, Ottawa.

5S4. Bolts, Xuts, Screws, etc.—A Glasgow house for-

merly doing a large importing business in Germany wishes

to oijtain the representation of Canadian exporters of the

above. Best bank references.

585. Chemical Sheet Lead and Malleable Iron Pluars.—

A Glasgow firm, hitherto supplied from Germany and the

United States, will be pleased to purchase in Canada if price*

and quality are right. Particulars of specifications will be
supplied on application to the firm making the inquiry.

5S6. Electrical Dynomas, Electrical Switch Gear, Elec-

trical Cable, etc.—A Glasgow firm desires quotations from
Canadian manufacturers of the above articles.

59S. Representation in New Zealand.

—

A New Zeal.inder

who is at present in New York desires to represent in New
Zealand Canadian firms interested in the following lines ;

Hardware, electrical goods, etc. He will leave for England
shortly, and before going will be glad to call on Canadian
houses that desire a representative in New Zealand.

509. Builders' Supplies.—.An important St. John's firm

dealing in builders' supplies asks to be placed immediately
in communication with Canadian manufacturers of asbestos
shingles.

600. Roofing Felts.—A Newfoundland firm asks for the
names of Canadian manufacturers of asbestos roofing and
the ordinary one, two and three-ply felts.

614. Wire rods.—.A Bradford firm, which has used about
700 tons of wire rods per annum, for overseas since the war
began, wishes quotations from Canadian shippers on wire
rods and thick sizes of wire.

616. Mild steel plates.—.An inquiry is made by a firm in

Rotterdam, Holland, for the addresses of Canadian manu-
facturers of mild steel plates suitable for the manufacture of

expanded metal. Full specification of requirements is obtain-
able on application to the Commercial Intelligence Branch,
Department of Trade and Commerce, Ottaw-a.
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WASTE.

By R. O. Wynne=Roberts, Mem.Can.Soc.C.E.

THERli are few subjects which occupy such a

prominent position in the discussions relative to

our Imperial economy as waste, and there will be

no prol)!em that will demand such concentrated

attention in the immediate future. Commissions have

been appointed by different governments to investigate

this matter in connection with the natural resources,

commerce, etc. Waste does not necessarily mean the

wanton abandonment or destruction of things which can be

put to any other use by changing their character. It in-

cludes inefficient production, inadequate foresight, lost

motion in machinery or operation, redundant labor, etc.

Waste is not confined to any particular profession, craft

or business ; it obtains, in a more or less degree, in almost

every sphere of activity, and thereforecannot be attributed,

specifically or entirely, to any special reason for it is the

outcome of our national methods. \\'aste, however, has

in the past occupied the attention and energy of men, for

cities have been built on the profits derived from utilized

waste, decaying industries have been revived by the

recovery of products from what was previously dumped
as waste. Waste gases have been converted into power
on a huge scale. But there remains an immense field for

further development along these lines. Engineers are

probably more concerned in this problem, inasmuch as

they, in the aggregate, handle more materials, control

more work and spend more money than others, and to

them the public must look for the practical application of

discoveries by chemists, metallurgists, etc. The subject

will be considered from the engineer's viewpoint.

Power is an important factor in connection with most
undertakings. Where power cannot be derived from water

then it is necessary to obtain it by other means, and, if

possible, on the co-operation principle. Ontario is, in a

large measure, enjoying the benefits of cheap power which
is generated and distributed under a comprehensive com-
munism. With adequate conservation and utilization of the

available water power of the province, it is possible for the

towns and cities collectively to accomplish that which

would be impossible for them to do individually, and

further, the cost of the energy is much less by this com-
munistic plan than it would otherwise be. In other words,

waste has been reduced. Moreover, waste has also been

minimized by "the construction of storage reservoirs

scientifically located and operated," for this "is the most
effective and only practical method of controlling flood

waters in winter and increasing the flow of the stream dur-

ing the summer droughts" (Walter McCulloch). Although
water power is an attractive proposition, there are some
conditions and features which render such schemes unre-

munerative with the result that, although the United States

have at command an available energy of 36 million horse-

power, jxjssibly fi\e-sixths of it now runs to waste. The
water power available in Canada is estimated at about

25,000,000 horse-power but only 2,000,000 of it is now
harnessed. There is, therefore, ample scope for develop-

ment in this direction.

Take another line of thought. Dr. Frank D. Adams
stated in an article published in The Canadian Engineer of

February i8th, 1915, that "less than i per cent, of the

coal resources of the Dominion are situated in Nova Scotia

and New Brunswick, while 87 per cent, lie in Alberta," and
that as much coal is wasted as is extracted owing to the

methods adopted and that "this waste amounts to very

many tens of millions of tons." Furthermore, the Com-

mission of Conservation staled that "Canada's dependance
on the United States for its supply of anthracite coal is a

point strikingly indicated in the report issued by them on
the 'Conservation of Coal in Canada.' Practically all of

the most populous portion of Canada lying between
Montreal, Que., and Moose Jaw, Sask., relies solely on
the United States for its supply of anthracite coal."

It is clear "that Canada should carefully husband her

coal resources and, so far as possible, check all wasteful

methods of mining and handling coal. With this end in

view, the report suggests greatly needed changes in the

form of coal-mine leases, the provisions of which should

be carefully enforced by a competent engineering authority.

This would go far towards preventing the careless prac-

tices followed at present in many coal mines. In addition

to this, it is urged that the government should carry on
investigations with a view to determining the suitability

of slack and low-grade coals for use in gas producers for

generating power, and their adaptability for the manufac-
ture of briquettes for domestic use. By utilizing these in-

ferior products in this way, not only would there be less

waste, but the value of the public coal lands would be con-

siderably increased."

The lignite coal fields of the West are mined to a very

insignificant extent. There are about 20,000 million tons

of lignite lying in the prairie provinces which are not

wasted but are not adequately utilized. This coal is most

suitable for gas producers and some day huge central

power plants will be located at the mine mouths to generate

electrical energy for transmission to many parts of the

provinces. Meanwhile, fuel is transported from the United

States and from distant west Canadian coal mines at con-

siderable cost, constituting another form of waste. Whilst

many Canadian works have relatively efficient power
plants, the majority cannot be placed in this category.

Consequently central plants would be productive of great

savings. It is worthy to note that there is a movement in

Britain for great conservation of waste heat. The follow-

ing is a cutting from the Engineering Supplement of the

London Times for April 28th, 1916:

"The growing attention that is being paid to methods

of utilizing the large quantity of surplus heat which is a

by-product of our manufactures is a hopeful sign. The
public discussion on the question which has just taken

place at Sheffield was remarkable for the fact that it at-

tracted the attendance of representatives of the iron and

steel trades and scientific men, as well as those associated

with gas, electricity, and colliery undertakings. The sug-

gestion that there should be established a government de-

partment to control the supply of power and electric

current on national lines is a somewhat drastic one, and a

very strong case would have to be made out before it

would be likely to find acceptance. But the proposal to

harness all the waste energy of the South Yorkshire coal

field and employ it in the form of gas or electricity in the

iron and steel trades of the district is certainly attractive,

the broad lines of the scheme being that the individual

manufacturer in the Sheffield district should cease to pro-

vide his own power plant in favor of drawing supplies from

a huge central station which would generate current from

the waste energy available in the local coal field. It is

suggested that if this plant met with general acceptance

it would be possible to supply manufacturers over a wide

area in the West Riding with current for power purposes

at the low rate of .25d. per unit. There are many direc-

tions in which economies can be effected in manufacturing

operations, and the provision of a source of cheap power

supply would be least among them."
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N\'liilsl llie idea of governmental oonlrol of [Xjwcr is

new, the piinciple is old. Kor example, there is a large

central power scheme which has been in very successful

operation in the vicinity of Newcastle-on-Tyne for many
years. The capital in\ested amounts to a large ligure, in

the neighborhood of 850,000,000. Another instance is the

large central power plant for the Rand, in South Africa.

In both instances waste has been eliminated to a very

great extent. The waste of fuel at individual power plants

will in the aggregate amount to a large figure. It is

highly desirable that the engineers in charge should be

given every inducement to operate gas-testing instruments

so that the gases passing to the chimnev stacks should

contain the minimum of combustible constituents.

.Another cause of waste is the method of producing

metallurgical coke. There are nearly 3,000 coke ovens

in C'lnada, but only 730 of them are constructed to save

the valuable bv-products, such as gas, tar, ammonia, etc.

The gas from roke ovens should be available for power
and heating, and if used in gas engines there is sufficient

surplus gas from every ton of coal to provide) 250 horse-

power-hours. The quantity of ammonia will sufTice to

produce about 20 pounds of ammonium sulphate, which is

valuable for fertilizing the land. The ammonia may be

reduced to concentrated crude ammonia for refrigerating

purposes, or utilized for cleansing. These are only a few-

uses to which the ammoniacal liquid mav be applied. The
tar is one of the verv valuable complex by-products of

coal, which can be distilled for several hundred uses.

Creosote for preserving wood, constituents for high ex-

plosives and dyes are the pressing needs of the hour, but

in 2,000 ovens in Canada the tar is not recovered and the

Empire has to buy elsewhere. The Minister of Munitions
is urging every possible producer of tar in Britain to con-

centrate on the production and conservation of that com-
modity for the manufacture of trinitrophenol, commonly
known as picric acid, which is required for the manu-
facture of high explosive shells. While the fact is very

unpalatable to us, w'e must, nevertheless, recognize that

the Prussian autocracy managed in a remarkable manner
to marshal all the economic forces of the German empire,
and many outside of that country, for its use. We know
that in ante-bellum days science was applied to almost
every German process and business, and that the doctrine
of efficiency was persistently advocated on practically

every hand, under the direct influence of the government
and state authorities, so that waste w-as at its minimum
and production at its maximum, and German power in all

lines became international and phenomenal. Any efforts

made in this and other countries to emulate them in the
conservation of resources, if it had any tendency to inter-

fere with their secret plans, were promptly met by German
commercial competition, so keen and effective and methods
not always scrupulous and fair, that reduction of waste
outside Germany was often made impossible, or nearly
so, and thereby highly advantageous to Prussian military

ambitions. Those interested in the effect of German
policy on the -American chemical industries and how
.American consumers were influenced during the last few-

years, can with advantage peruse a paper by Mr. H. W.
Jordan, read at the Baltimore meeting of the American
Institute of Chemical Engineers. German policy and
science resulted in their building up huge industries at our
expense. They made it unremunerative for others to re-

duce or convert waste because it manifestly would
jeopardize the Prussian military programme. Tar and
other by-products of coal distillation became the most im-
portant raw materials of the immense German chemical
industries. Their coke ovens were almost entirely of the

recovery type, so that all by-products were conserved ; the

public had been educated to use gas, and to keep up the

consumption during the war; farmers had been taught to

fertilize the land with sulphate of ammonia. Synthetic dyes
were sold to the world—at a loss, if it was necessary, to

stifle a budding local industry. So that when the time
arrived, Prussia had the necessary picric acid, etc., for

military use and the equipment to produce them. Mean-
while, the waste of coal and its by-products in North
America was stupendous. It requires time, capital and
skill to change the methods and plant, and consec|uently

the highly desirable alteration cannot be made in time to

be of the greatest service to the Allies, but the lesson

should be borne in mind.

The waste of wood in Canada is estimated by Mr. W.
B. Campbell, B.Sc, to be from $10 to $15 per year for

every man, woman and child in the country.. The chemical

engineer has here a great scope for his skill and ingenuity.

Water w-aste in our tow'ns and cities is an important

matter. There are no statistics available which wmII indi-

cate the annual loss incurred in this way. But the magni-
tude of the waste may be illustrated by a simple calcula-

tion. The population of Canada is about 8 million, of

which about one-half dwell in the towns and cities. The
average daily consumption of water may be placed at 80

gallons per capita—this figure is conservative. It is quite

reasonable to assert that 50 gallons should sufTice, and
therefore there are 30 gallons per head per day w-hich

might be saved. The excess quantity is equal to 43,800
million gallons per annum. We may assume that it has

to be raised 100 feet, which is a low lift, and that the fuel

alone costs only 2 cents per million foot-gallons, which is

the lowest published cost in North .America, then the ex-

cess cost will be about 887,600 per annum. This is a

respectable sum to consider, but it is by no means the total

cost, for labor, capital charges, maintenance, etc., have
yet to be added ; and, furthermore, the excess volume of

water has to be disposed of as sewage. So that the grand
total cost to the ratepayers will be many times the above
sum.

-Apart from waste in water and its inherent expendi-

ture, there is the other side of the problem. The sources
of supply are not always beyond doubt as to their purity.

It is essential that every precaution should be taken to

safeguard the health of the consumers. A large daily con-

sumption of water necessarily entails great systems of

water treatment. It is unnecessary to postulate that an

abundant supply of pure water is a modern necessity and
costs less than do violent outbreaks of typhoid and other

water-borne diseases. There have been sufficient instances

to prove this statement. Aet, the fact does not seem to

be impressed home, for the papers continue to announce
waste of life due to this cause. Preventable waste of life

is deplorable. Dr. E. F. Campbell, of the Ohio State

Board of Health, stated that "carefully prepared tables

show tuberculosis as 75 per cent, preventable, typhoid
fever as 85 per cent, preventable, diphtheria as 70 per

cent, preventable." If some of the older nations can
afford to sacrifice life because of unsanitary conditions,

new nations cannot afford to do so, for their greatest asset

is vigorous life. But older nations have mostly learnt by
experience that to conserve life by supplying pure water
and providing efficient sanitation is an excellent invest-

ment. The marvellous health records at the front prove
that this fact has been firmlv and permanently established.

It is stated that a person is worth to the community the

difference between his or her earning power and the in-

dividual's cost of maintenance, which sum represents 6
per cent, of the total value. \\'hether this statement has
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a reasonable basis is not under discussion, but assuming

its correctness, then a person earning $1,200 per

annum and spending $900 for maintenance, is worth

THE DISTRIBUTION OF PRESSURE BY
GRANULAR MATERIALS.

(1,200 900) X IGO
85,000. The waste of life due to

typhoid, therefore, represents a great loss to any munici-

pality. Such waste cannot be tolerated where the public

appreciate the economy of pure water. The otlier losses

due to waste of life are not referred to because they are

not pertinent to the question under discussion.

• -Mr. Thomas Adams has frequently referred in his

addresses on town planning and allied subjects, to the

question of street widths. This question has engaged the

attention of engineers in many parts, and it has been dis-

cussed at international road congresses, but not always

from the same viewpoint as that taken by Mr. Adams.

He points out that the number of streets in any city that

constitute the main arteries for traffic are relatively few,

and yet, as present, the widths and construction are

virtually the same in busy commercial quarters and in

purel) residential districts. Where the trafific is great, the

street should be wide, but where the traffic is small it is

unnecessary to provide similar traffic accommodation, at

any rate until it is actually required. The lines of com-
munication are fixed by various conditions, and it is often

impossible and always exceedingly expensive, to change
them, or create new ones, after the area has been built up-

on. Moreover, with easy and rapid means of transportation

the people are migrating to the rural pans of the towns

and cities. They desire to enjoy the quietness and beauties

of nature after their daily toil in the noisy city. Many,
however, cannot afford to travel far away from the centre

of employment and have to dwell in the parts which are

as desirable as possible. It, therefore, is not essential to

urbanize all parts by constructing streets of an expensive

character. The expenditure of money beyond what is

actually required to accommodate th« locality is waste,

and renders the cost of living higher than it should be. It

also spoils the desirability of the locality as a purely resi-

dential district.

Municipal engineers in particular are concerned in the

problem of how to minimize the waste by fire. The
Monetary Times for January 7th, 1916, published statistics

showing the losses incurred during the last five years.

The average annual total for Canada was $21,740,000,
but, fortunately, in 1915 it was less—813,^70,000. The
average number of houses burnt per year was 692 ; stores,

317; factories, 102; business sections and blocks,- 70;
warehouses, 47. The average loss of lives was 221 per

annum. It is worth noting that in 1915, 55 fires were
caused by electrical defects, 51 by defective and over-

heated stoves and furnaces, 62 by defective and over-

heated pipes, chimneys, etc. These and other causes sug-

gest great preventable vi'aste, that adequate prevention

would have cost but a mere fraction of the losses incurred.

No one wants to live in a district where certain diseases

are endemic, neither do manufacturers and tradesmen want
to build factories, stores and houses where fires are fre-

quent. So that building by-laws and their administration

have a direct influence on the ultimate prosperity of a

town. Fire insurance rates are based on experience and
are m.ore or less proportional to the hazards involved.

Waste might be discussed in its relation to many
other matters but for the present the foregoing will doubt-
less suffice to draw attention to the urgent need of the
time. Canada has a golden opportunitv to develop the
waste or by-products of various industries, and to adopt
measures to prevent waste of everv form.

VER\' little is definitely known as to the way in

which the pressure of a wheel on road metal or a

sleeper on its ballast is transmitted to the under-

lying foundation. It is generally held that the

intensity of the pressure due to an isolated load diminishes

as the depth increases, and the assumption is sometimes

made that at any depth the pressure is uniform, and con-

fined to the base of a cone having the load at its apex and
with its surface inclined at an angle of 45 deg. to the line

of the load. Some definite information on this head is

provided by soine experiments recently carried out in the

engineering laboratories of the University of Illinois, a

description of which is contributed by Professor M. E.

Enger to a recent issue of the Railway Review. The ex-

periments were made by applying a local load to a bed of

sand supported on a concrete floor. An opening in the

floor 4J/8 ins. in diameter was closed by a plug 4 ins. in

FwJ-

So.

Is
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several limes in succession, ri;adings of the pressure borne

bv the plug being taken during each of these reapplications

of the load. The interesting fact was established that at

shallow depths the intensity of the load on the plug might

be very considerably "greater than the average pressure

applied at the surface of the sand. Thus in one series of

experiments in which the pressures were measured by a

<liaphragm gauge 6 ins. in diameter, instead of by means
of the 4-in. plug aforementioned, the following figures

were observed

:

Depth below Surface. Diameter
of Load-

6 in. 12 in. 18 in. Plate.

p.c. p.c. p.c. in.

Average pressure on 6-in. gauge 72 43 19 9.0
" 160 90 40 13.5

— 195 92 21.0

The figures given show the average pressure per

square inch on the 6-in. gauge, as compared with the aver-

age pressure per square inch on the load-plate when this

is concentric with the gauge. Obviously, since the pres-

sures given are averages, the maximum pressure along the

centre line must be considerably higher. The diaphragm
gauge was found to be unsuitable for "out-of-centre"

observations ; but the results obtained with the wooden
plug made it possible to plot curves showing the distribu-

tion of pressure. These were found to have the character

illustrated in Fig. i. The shape of the curve recalls that

of the "error function," and is, moreover, very similar to

the curves of pressure distribution that are found when
a jet of water strikes a flat plate normally. Curves of

this kind are reproduced in Professor Unwin's article on
"Hydraulics" (Encyclopaedia Britannica, nth edition).

Professor Enger has also plotted the lines of equal pressure

which we reproduce in Fig. 2. In further experiments the

motion of the sand was observed when a load was applied

to a mass one side of which was retained by a sheet of

plate glass. By applying the pressure slowly, the motion
of the sand was recorded, as short streaks, in a photo-

graph taken simultaneously. The stream lines thus found

should be presumably perpendicular to the corresponding

lines of equal pressure. This presumption cannot, how-
ever, be tested from Professor Enger's photographs, since

the size of the pressure block used in determining the lines

of pressure was not the same as that with which the lines

of flovi' were recorded. One result which appears to be
fairly deducible from the experiments is that the distribut-

ing power of sand is not as great as would be anticipated

from the 45 deg. rule referred to at the beginning of this

article.

ROAD MAINTENANCE, MATERIALS AND
METHODS.*

By William H. Connell,

Chief, Bureau of Highways and Street Cleaning, Philadelphia.

The House bill at Washington, D.C., providing for the
reclamation by the Government of 2,300,000 acres of Oregon
land granted the Oregon and California Railroad, has been
passed by the Senate. The lands, valued at about $30,000,-
000, are alleged to have been forfeited by violations of the
terms of the grant, which required their sale to settlers at

$2.50 an acre.

.According to the annual report of the Ontario Work-
men's Compensation Board there were 7,600 accidents which
came under its jurisdiction during the year. Arranged
according to counties, York, Wentworth, Algoma and Sud-
bury had the largest number of accidents in the order named.
The reason for this is evident, all four of them containing
large industries, thus making the hazard greater. The report
also show.s that 27-61 per cent, of accidents were due to

machiner\' and its parts, 2.74 per cent, to hoisting apparatus,
8.20 per cent, to dangerous substances, 34.04 per cent, to
falling, rolling and flying objects, 6.08 per cent, to the use
of tools, 1.03 per cent, to runaways and animals, 3.55 per
cent, to moving vehicles, 14.47 per cent, to D?rSonal falls,

and 2.20 per cent, to all other causes.

AdOOD organization is essential, particularly in so

f.ir as maintenance is concerned, as it is practically

impossible to continuously and systematically main-
tain pavements and roads in first-class condition in

an economical manner, without a good working organiza-

tion built up along the lines best adapted to cope with the

conditions involved in this important branch of work
coming under the jurisdiction of a highway department.
By this it is not intended to give the impression that the

maintenance organization should be separated from the

construction, as separate organizations are apt to result

in an oxerlapping of jurisdiction and a. tendency to shift

responsibility, and open up a field for unlimited excuses,

as to whether the construction or maintenance division is

responsible for any unsatisfactory conditions that may
arise relative to the pavements. Furthermore, it is obvious
that the logical organization to maintain the pavements is

the one that saw them laid and is familiar with every

detail of the construction, as very often a knowledge of

apparently trivial conditions in connection with th? con-
struction bears an important part in the future main-
tenance.

It is the intimate knowledge of the details of both
construction and maintenance, not considered separately

but in their relation to one another, that is so desirable as

a future guide in highway engineering ; consequently the

combination of the two organizations in one will accom-
plish far better results than they would working more or
less independently of one another, each with a limited

responsibility. Highway engineering may be considered

a specialty, but further specializing in construction and
maintenance is not logical, as the two are dove-tailed and
cannot be considered separately. Every engineer engaged
in highway work appreciates the fact that there is no such
thing as a [jermanent pavement for either city streets or

country roads, consequently, in addition to the cost of

construction, the maintenance repair charges during its

life must be included in tbe final cost, and is a most im-

portant factor in the selection of a pavement.

The main and most perplexing problem of a highway
department, no matter whether the department be a state,

municipal, county or town department, is, or eventually

will be, that of maintenance. If a large percentage of

the roads or pavements are constructed, which is usually

the case, then the maintenance predominates, and in fact

it is only in localities where there are practically no roads

or pavements, that the maintenance is subordinated to

the construction.

The activities coming under the jurisdiction of the

municipal and state highway departments are not similar

in every respect, but the principal functions do not differ

sufficiently to affect the problem in the main.

.A large municipal department embracing street clean-

ing, collection and disposal of ashes, garbage and rubbish,

and snow removal, together with the general problems,
such as construction and maintenance of pavements, etc.,

embraces a greater variety of work than does a state de-

partment, but principally of a nature that is essentially

maintenance work. Likewise in a large state department
with an active organization controlling a large area of

*Paper read before the 3rd Canadian and International
Good Roads Congress, March, 1016.
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improved highways, the maintenance problem is more
involved and complicated than in a county or state depart-

ment with a less mileage of pavements or roads under its

care, so that the perplexity of the problem increases not

only with the number and variety of activities, but with

the area of the territory and the mileage of roads and

pavements coming under the jurisdiction of the depart-

ment. It is, of course, a much simpler matter to cope

with this problem where the work involved is such that

it can be controlled from a central oflice, without delegat-

ing the responsibility to divisions and sub-divisions of the

organization. This is especially true in maintenance work,

as there is always a tendency among engineers to be lax

in attention to details of an apparently simple and routine

nature. They are apt to overlook the fact that it is no

trick to construct a pavement, as in supervising this work
they are simply following more or less standard, and well-

defined principles, where, in maintenance work, there is

no set specification to follow, the success depending upon

attention, to a certain degree, to daily routine and

principally to petty details that present themselves in the

actual physical work, and in this there is an unlimited field

for initiative. Personal experience in observations of the

wear and peculiarities of the different types of pavements

and road surfaces is invaluable as a guide in research

work, as there is not a pavement to-day that cannot and

should not be improved upon. The difficulty of impressing

upon the supervising force the importance of this close

personal attention to detail in connection with the care of

the pavements is probably the most important single factor

in the operation of a large highway department, and must

be reckoned with, and especially in these times when the

public are becoming more and more exacting and virtually

demanding that the roads and pavements be kept con-

tinuously in good repair. This should be obvious to all

engineers in charge of highway organizations.

For convenience the different branches of maintenance
work will be grouped under the following classifications

:

I.—Routine maintenance.
2.—General maintenance.

3.—Emergency maintenance.

Routine maintenance includes such work as the regu-

lar street cleaning in municipalities, and the cleaning of

country roads and gutters, and any other work of this

character that is more or less routine, and should be per-

formed under a definite schedule. The streets in the

thickly populated sections of the city should be cleaned

everj' day; in less thickly populated sections, every other

day; every third, and so on until we,come to the country

roads, which should be cleaned once a week, once every

two weeks, and some only once a month, depending upon
the amount and character of the traffic which largely

governs the frequency with which the cleaning should be

done. The amoimt and schedule of work and the force

necessary to perform it can be determined upon in advance

and carried on in a systematic manner under a regular

organization, more or less military.

General maintenance includes repairs to streets and

roads, and involves different characters of w-ork, each

requiring special knowledge on the part of those engaged
in the actual performance of the physical work for which

special gangs have to be organized. Stone block, wood
block and brick repairs, for example, require skilled

laborers who have made a specialty of this work, and are

employed under the title of pavers and rammers ; while

repairs to asphalt and bituminous pavements must be

performed by men specially trained in this line of work,

in addition to the necessary force engaged at the mixing

plants. MacaLlam road repairs, the care of earth roads,

the bituminous surface treatments, also require men
specially trained, and while it is desirable to train the

gangs for each particular branch of this work, such, for

example, as bituminous macadam built by the penetration

method, waterbound macadam, bituminous surface treat-

ments, and the care of earth roads, the three classifica-

tions, namely

:

I.—Block pavement repairs.

2.—Bituminous pavement repairs (mixing method),
sheet asphalt, bituminous concrete, etc.

3-—Country roads, macadam, gravel, etc. ; bitu-

minous surface treatments, and earth road repairs,

represent the three branches into which the organization
is usually divided. Further subdivisions can be handled
by those directly in charge of the different classes of work
coming under these divisions by training the laborers for

the particular character of work to which they are
assigned.

This illustrates the difficulty of handling the work
coming under the heading of general maintenance, which
not only requires separate organizations made up of men
specially trained in the different branches of the work, but
the character and amount of the work itself is of such an
indefinite quantity that it is very hard to control, and,
furthermore, can only be performed in seasons of the year
when weather conditions are suitable, all of which tends
to make it difficult to maintain a good working organiza-
tion, as is always the case when men are not regularly

employed all year round.

The principal element leading to success in this work
is the application of the theory that a "stitch in time saves
nine." This not only applies to the patching of different

characters of pavements, but to bituminous surface treat-

ments, particularly when the treatment only consists of a

paint-coat lightly covered with washed gravel or chips,

which is only intended to last for a year or two. Very
often when a treatment is required on a road, and the

performance of the work is postponed for a couple of

weeks, the road will deteriorate and require resurfacing,

so that it not only necessitates a more or less flexible

organization for the actual performance of the work, but
a very thorough study of the probable amount of material

required, which should be purchased sufficiently in advance
to avoid any delay in furnishing the material. This re-

quires in addition to an efficient overhead organization,

composed of engineers well versed in the art of carrying
nn the work, a thoroughly systematized procedure suited

to bring about the best results under the conditions to

be met.

The third rlnssifirntion, or emergency maintenance,
consists of such work as snow removal and taking care
of extensive washouts, both of which require an emergency
force, as work of this character must be performed at

once, and necessitates putting on an indefinite number
of men, depending upon the volume of work, usually for

only a short period of time. This makes it necessary for

the organization to keep in touch with all available sources
where men can be employed on short notice.

These are some of the reasons why the maintenance
problem is the most difficult one in a highway department.
Construction work, in the first place, is usually carried on
imder contract, and all the cares and troubles relative to

the labor situation are up to the contractor. The depart-

ment requires the contractor to perform a specific piece

of work under definite conditions, and is onh' charged with

the inspection, and the responsibility of seeing that it is

performed in accordance with the requirements of the

specifications. While, in the maintenance work the
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burden ol tin.- ri'sponsibilily is up lo tlu' ollicials of the

department not only in so far as the character of the work
is concerned, but for the control of the organizations

engaged in its performance.

The details of the different characters of repair work
including the methods and materials used are, of course,

very important, but nothing like as important as the

length of time that elapses between the origination of the

necessity for the repairs and the performance of the work.

Repairs should he made as soon as the defects, no matter

how slight, present themselves, and not weeks afterward.

The secret of success in highway work is continuous and

systematic maintenance. The upkeep is the real problem.

The highways should be patrolled every week, and oftener

if necessary, and all defects reported and repairs made
at once.

The general methods employed to maintain a system

of highways in good condition are the patrol method and

the gang method. The patrol method usually consists in

having a man with a team and the repair equipment

patrol, and be responsible for making repairs to a certain,

definite length of highway. The gang method consists

in sufficient gangs being employed, equipped with all the

materials to make repairs where ordered ; the difference

between the two methods being that in the first method
the man who makes the repairs also patrols the highways,

while the gang method is dependent upon the reporting of

defects being made by special patrolmen, who may be

inspectors, engineers, etc. There is some difference of

opinion as to the better method, but it would seem that

the reporting of the necessity for repairs by a special

patrol inspector and the making of these repairs by a

specially trained gang would be the better method. .\

detailed description of the methods of making repairs to

the various types of roads and pavements would constitute

quite a voluminous document. Consequently, it will only

be possible to discuss the fundamental principles.

Dirt roads should be well crowned and drained. The
shoulders should be keot clear, and the drainage ditches

open. Road drags and road scrapers must also be used

from time to time in order to keep dirt roads in good con-

dition. .An application of about a 20 Baume gravity road

oil once a vear will not only lay the dust, but will help to

compact the road surface under travel and form a sort

of crust.

Gravel and waterbound macadam roads should be well

crowned, well drained, and the shoulders and drainage

ditches kept clear. The most effective method of main-

taining gravel and macadam roads is through the use of

bituminous surface treatments. The method and type of

treatment used, however, will depend upon whether it is

to be used for a gravel or macadam road, and the character

of gravel and stone used in the ctinstruction of the re-

spective types of roads. On other classes of roads and

pavements, such as bituminous pavements by the mixing
and penetration methods, cement, concrete brick and stone

block pavements, it is also important to keep the roads

well drained, the shoulders clear, and the drains and
ditches open. The methods of bituminous surface treat-

ments used on the city of Philadelphia suburban and
country macadam and dirt roads are as follow:

The suburban and country streets and roads receive

bituminous surface treatments of the character best suited

to the respective roads, which are selected only after

making a study of the type of construction, the traffic and
social and local conditions in each instance. Generally

speaking, two methods of treatment are used on the roads.

For convenience they arc di\idLd, liisl, into Ijilumintjus

surface treatments, intended to eliminate the dust nuisance

and preserve the roads, and secondly a cheaper method of

bituminous surface treatment, used simply for the purpose
of laying the dust on macadam, cinder and dirt roads, and
not intended to preserve the road to any great extent.

The first method of treatment is used only on mac-
adam roads that have been put in good condition, as it is

a waste of money to put a high-<-lass bituminous surface

treatment on a road that is full of ruts and pot holes, and
not properly shaped up. The bituminous materials used

in the city of Philadelphia consist of coal tar treatment,

hot application, known as Tarvia A, coal tar treatment,

cold application, known as Tarvia B, water gas tar treat-

ment, hot application, known as Ugite No. 2, water gas

tar treatment, cold application, known as Ugite No. i,

and asphalt cut-back treatments which consist of a mixture

of 60 to 65 per cent, of 80 to 100 penetration asphalt, con-

forming to specifications adopted by the Association for

Standardizing Paving Specifications at Pittsburg in 1913,

and 35 to 40 per cent, of 53 to 60 commercial naphtha. .\ll

of these materials are applied in quantities just sufficient

to paint the road and to avoid possibilities of building up
a pad. In other words, the purpose is simply to have a

film coat of bituminous material on the surface of the road

and to re-treat the road as often as is necessary to main-
tain the film coat, and in this way eliminate the pushing and
rolling under traffic, which occurs with bituminous pads.

The method of applying these bituminous materials,

when the road is in proper condition to receive such a

treatment and the material to be used on the respective

roads has been selected, is as follo\\-s: The roads are first

lightly sprinkled with water and then swept with a horse-

drawn broom. They are then swept with hand brooms
until the surfaces of the stone are free from dust. This

sweeping, however, should not be done in such a manner
that the stone dust or binder will be removed from be-

tween the stones. The bituminous material is then applied

with a pressure distributor at a certain rate per gallon,

which varies on different roads, depending ufK)n their

condition, and also whether it be a first, second or third

treatment. The bituminous material is then allowed to

remain on the road for about twelve hours, or over night,

after which fine washed gravel

—

Passing }4-'mch screen 100 per cent.

Passing No. 4 screen 50 to 60 per cent.

Passing No. 6 screen 20 to 30 per cent.

Passing No. 10 screen, not over 10 per cent.

is spread over the road at the rate of 13 to 18 pounds to

the square yard, depending upon the amount of bituminous
material applied. In some cases clean trap rock chips

passing a S/s-inch ring and maintained on a ^'a-inch ring

are used.

The theory of using fine washed gravel in place of

stone chips is two-fold; first, to provide a covering that

will not grind up and pulverize before the bituminous
material has set up, and thus incorporate with it and build

up a pad, such as is the case with the stone chips as they

pulverize very quickly under any appreciable amount of

traffic ; second, it only contains 10 per cent, of the fine

sand and the pebbles constituting the rest of the material

are so hard that they do not grind up and pulverize for

from three weeks to two months, depending upon the

traffic. The process of pulverizing is so slow that the fine

material is washed off the road after each rain, thus doing
away with the necessity of sweeping the road to eliminate

the dust, which is necessary where stone chips are used.
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These treatments last for a year and have pro\ ed to

be not only the most economical method of preserving

roads of this character, but the cost is less than thel cost

of sprinklins,^ with water, provided the roads are sprinkled

three times a day and this, by the way, is not sufTicient to

lay the dust, and, of course, it must also be understood

that the sprinkling' with water will not preserve the roads

under automobile traffic.

The second class of treatment generally used consists

of asphaltic road oil from 18 deg. to 23 deg. Baume
gravity. This material is applied to all of the macadam
roads that are not in fit condition for the first-class bitu-

minous surface treatment, and to all dirt roads, and is

applied at the rate of 2 10 to % gallon to the square yard.

On some roads, depending upon the amount of traffic and
whether or not the road is shaded, it is necessary to treat

the road in May and treat it again in September. Such
roads, however, are the exception. In most cases this

method of treatment will last for one season. The roads

as a rule are not swept before the application, nor is any
covering put over this bituminous material, as "it is applied

in such small quantities that there is scarcely any necessity

for covering. The purpose in putting on this small

quantit}' is to insure its disappearing from the road before

the winter sets in, in order to avoid the mushy condition

that prevails when there is too much oil on the road in this

season of the year.

The paint coat method of tar bituminous surface treat-

ments on first-class macadam roads has been a success for

seven or eight years in this country, and it has also been
used to a very great extent for a number of years in

England.

The asphalt cut-back paint coat treatments are some-
what new, and have been largelv developed in Philadelphia

during the last four years. The successful results in

Philadelphia have led to its use in other localities in the

east this year, notably by the Highway department of the

State of Pennsylvania, where a large mileage of roads

have been treated using this method.

The asphalt cut-back bituminous surface treatment

was evolved through research work carried on with a view

to finding some way to utilize an asphalt in the paint-coat

method of treatment which had been so successful with

the tars. In order to do this, it was necessary to use a

comparatively stiff asphalt so that it would set up quickly

on the road. This necessitated cutting back an asphalt of

about 100 per cent, penetration with from 35 to 40 per

cent, of naphtha. The purpose of the naphtha is to make
the material of such a consistency that it can be applied

to the road when it is moderately warm. In other words,

the naphtha simply acts as a carrying agent, and after it

has done its work, it evaporates and leaves the paint coat

of asphalt on the road.

This material has proved to be a success under a four-

year test, re-treating, of course, every year or two, or as

often as is necessary, as is also the case with the tars.

The methods of bituminous treatments described,

however, are not applicable to all conditions. The roads

treated must be built of comparatively hard stone, and the

traffic conditions must be taken into consideration.

The method of bituminous surface treatment described

for macadam roads built of hard stone and in good con-

dition can also be used on gravel roads constructed of

materials similar to what is commonly called Poughkeepsie
gravel, which consists of large and small sized stones with

fine grave] for a binder. Where the' gravel is composed
of any appreciable amount of clay, this method of treat-

ment would not give very satisfactory results. The dust

layer referred to, however, would benefit such roads to a

considerable extent. In discussing these bituminous sur-

face treatments it will be noted that great stress has been
laid on a paint coat or film coat to be renewed each year
or so, or as often as necessary. The object of this paint

coat or film coat is to avoid the formation of a pad, but
where the road is built of soft stone that would naturally

be affected more by traffic than would the hard stone, this

paint coat or film coat would not be satisfactory. In such
cases, it would be necessary to use a larger amount of

bituminous material and build up a ^ to '/i inch pad. It

is practically impossi1)le to give any general description

for bituminous surface treatment work that will apply to

all conditions, but there is no road that cannot be benefited

by the application of bituminous surface treatments. It

is, however, very important that all the details of the

cleaning, etc., previously described, should be given very

careful attention, and the roads should be re-treated before
they iiave gone into a condition of bad repair, .\fter these

re-treatments have been applied, that does not mean that

they will not require any attention until the following year.

.Some roads, of course, will not require any attention until

the time for the re-treatment, but a great many of the

roads where the traffic is heavy will require patching all

through the winter. The methods used in patching these

bituminous surface treated roads in Philadelphia are as

follow : \\'here the surface treatment has worn off in

spots and there is likelihood of a pot-hole forming, the

road is painted with tar used for cold treatments or asphalt

cut-back, depending upon the character of material the

road was originally treated with, and chips or gravel

spread over the area of the surface that has been painted.

^\'here pot holes have formed, a mixture of 34-inch stones

and a heavv tar somewhat similar to Tarvia A or an

asphalt of about 100 penetration is placed in the hole and

tamped, and dry gravel or chips spread over the surface.

This can be done by heating the tar or asphalt on the road

and mixing it with the stone, but a more effective and

better way to handle this kind of patching is to make up

a mixture of the tar and stone, and asphalt and stone and

place it at different locations along the line of the system

of highways. By the use of a suitable mixture of asphalt

or tar cut back with naphtha, it is possible to prepare

large quantities of patching material which will not set up

so that it cannot be rehandled and used for repair work

during the winter, without the necessity of reheating.

This is known as the cold mixing method of patching

bituminous macadam and bituminous surface treated

roads. Such materials as .A.miesite and Bicomac are also

adapted for winter patching, and have given very satis-

factorv results. The main point that should be, and has

been, brought out in connection with repairs to roads and

pavements of all descriptions is to make the repairs

promptly when there is the slightest indication of the

necessitv for repairs, and thus avoid pot holes in the

country roads and necessity for making extensive repairs

to roads and pavements of all descriptions.

Now that you are building a large mileage of high-

ways in Canada, it will not be long before your main-

tenance problem predominates as it will be looming up

larger each year, and you have a splendid opportunity to

avail yourself of the experience gained by the failures in

other localities where there has been a great deal of high-

way construction. In conclusion, it will not be an unfair

statement to say that the failures in highway construction

have been very much exaggerated. The trouble has been

principallv, however, the failure to maintain the roads and

pavements after their having been constructed.
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SURGES IN AN OPEN CANAL.*

Bv R. I). Johnson.

Synopsis.

Tills paper [M)lnts out a rational theory upon wliich

to base research into the rise of water in a canal, following

an interruption of flow, due, for example, to a shut-down
of a \\ater-power plant. It calls attention to the analogy

between this surge and the phenomenon known as the

"hydraulic jump."

THIS interesting subject always comes up in con-

Tiection with the problem of how high to build fore-

liay walls to avoid overflow in case the motion of

the water in a canal is suddenly arrestee} by a short

circuit. Trouble from this source seems to be very in-

frequent, and yet a sound theory for the computation of

the height of the surge wave has never come to the writer's

attention. The reason that wash-overs have not been

more common seems to be due to the fact that, for ordinary

velocities, the surge is comparatively small, and a good
fair guess usually proves a sufficient safeguard ; neverthe-

less, it may be interesting to set forth what appears to be
the beginning of a sound theory, applicable to such cases.

Neglecting friction, in a smooth, rectangular flume,

the sudden dropping of a gate would seem to cause a back-
ward rolling wave which consumes a part of the energy of

the oncoming water m eddy losses, and accounts for the

remainder in an increased depth behind the wave, the

water standing still and level between the wave and the

gate. On this theory, an equation from which the depth
of the water may be determined is expressible through
recourse to the well-known law that force is equal to the

rate of change of momentum ; for, if the depth of the
water in motion is d and that of the water at rest is D,
the total free force acting (for unit weight of fluid and

and, in the time, t, duringunit width of flume) is

which Ot cubic feet of water passes, with a velocity, v,

and also Ot cubic feet of water is projected backward over
the top, so to speak, of the oncoming stream, the quantity
of water brought to rest is Dt multiplied by the velocity
of propagation of the wave, or,

Dtv, = Dt X ^

the change of momentum is

DOtv

D d'

g{D—d}'
and the rate of change of momentum is

DOv

whence.
ff

D'— d'

(D— d)'

D d v'
(i)

2 (D— d)g
from which D may easily be determined by trial.

It may be observed that as velocity is only relative,

the height of the "jump" which takes place in this case
should agree exactly with the formula for the "hydraulic
jump," if the proper corrections are made in the velocities
relative to the earth, in such manner that the wave
would "stand still" in the ordinary acceptation of the
term. In other words, no error in theory is introduced
if, while the above phenomenon is in progress, the whole
flume is regarded as moving bodily, with a velocity, rela-

*Proceeding-s of the American Society of Civil Engineers,
May, iQiG.

ti\e lo the earth, equal and opposite to that of the wave
propagation ; and such modilications ought to, and do,

reveal the formula for the ordinary "hydraulic jump."

In this case, the absolute velocity of the water ap-

|)roaching the wave would be

- -^ DZId = ''^

and the absolute velocity of the deeper water, at depth D,
would be

Q
v, as before.

QD
= V,, and V: — v,D— ct

The new quantity, Q' = Dvi = jr— .

The formula for the hydraulic jump is,

D'— d' O'

2 g ^

and as D and d are unchanged, we may substitute for the

foregoing values of v^, r,, and Q', their equivalents in

terms of Q and v, as follows:

D'— d'' _ QDv _ Dd V~
_

~
g (D— d)

" (D~d)g '

thus disclosing the identity of the two formulas and justi-

fy'ngr> to some extent, the reasoning outlined in the
premises.

To complete the analogy, it may come to mind that,

as water cannot "jump" unless it has a velocity greater

than V gd, it would be well to demonstrate that the sum
of the velocities, v and v,, is always greater than v' gd.

Note, from Equation (i) , that,

{D + d) {D— dY

and we are to show that

II + t)3 or

that is, that

that

2 D d

D
D — d

d ID — d)"-

D'

> ^ gd,

or, eliminating
g

D + d

2 d

d

which is ob\ious so long as D > d.

The surge, -S, above the level of the quiet water

previous to its acceleration into the canal entrance is

evidently equal to D — d — -^^— , and it may be shown bv
o o- '

calculus methods that the maximum possible value of S is

equal to 0.714^, which occurs for a critical velocity of

V = 7.448 v' d.

Modifications Involving Friction.—It now seems clear

that Equation (i) represents the relation between the

depths on each side of the backward rolling wave when
friction is neglected. Without attempting to go further

into the subject at this time, it mav be stated, never-

theless, that the surge probably cannot exceed the

value of ."» derived from this equation, when friction

is taken into account. On the other hand, there would
seem to be little danger of extravagance if the height of

the canal and forebay walls was regulated by the foregoing
considerations.

The Swiss Federal Government has definitely decided
to electrify the whole of the Swiss railways. The first line

to be electrified will be the Erstfeld-Bellinzona section of the
St. Gothard line. The cost of electrifyin.ur the Federal rail-

ways is estimated to be ^20.000,000.
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ANSWERING ONE'S MAIL. TONNAGE AND SHIPBUILDING.

Courtesy: Politeness exercised habitually; an act

of good breeding.

That is the gist of a long dictionary definition of the

word "courtesy." The meaning of the word is not altered

by prefixing "business." Business courtesy shows good

breeding. Conversely, people who are well bred always

exercise business courtesy.

Are Canadian engineers lacking in business courtesy?

Let us most certainly hope that they are not. But certain

evidences point to the fact that they frequently come
dangerously near business discourtesy. It is discourteous

to ignore a civil letter. Vet, how frequently is one com-

pelled to write time and again to Canadian engineers and

engineering firms before a reply of any kind is received

!

However, we had not thought that this was any more

true of Canadian engineers than of engineers in any other

country. But an instance just called to our attention gives

food for reflection. .A. well-known business firm wrote to

thirty-four municipal engineers in the United States,

politely asking for certain easily given - information.

Twenty-four prompt responses were received. .-^ second

letter brought eight more. Seventy-one per cent, answered

the first letter ; ninety-four per cent, answered either the

first or second letter.

Practicailv the same letter was mailed simultaneously

to one hundred and fifteen municipal engineers in Canada.

Thirty-two fairly prompt answers were returned. A
second letter brought four more. Twenty-eight per cent,

answered the first letter ; thirty-one per cent, answered

either the first or second letter.

Comparisons are invidious, but we feel that the cir-

cumstances fullv justify the above comparison. This result

is absolutely due to carelessness. .A.t heart the average

Canadian engineer is as courteous as anv other man. But

carelessness of this sort is likely to make a very bad

impression.

Every civil letter that calls for an answer should have

one and have it promptly. Otherwise its recipient is

clearly open to a charge of downright discourtesy.

NO FURTHER WATER POWER INVESTIGATION
AT PRESENT.

On page 666 of this issue there appears a letter

from the secretary of the Economic and Development
Commission, giving assurance that the Commission has

no intention at the present time of conducting any
independent investigation regarding water powers, as the

information now available on this subject will be quite

adequate for present purposes.

We are very glad that the Commission has decided,

for the time^ being at any rate, not to go into this field.

Tremendous scope is afforded the Commission for doing
vitally important work along economic lines without

delving into engineering subjects at all.

As the Commission obviously was not constituted with

a view to doing or reviewing engineering W'Ork, the as-

surance is most pleasing that the lines along which it will

exercise its efforts will not be of an engineering nature.

Of the total tonnage of sea-going ships of the world,

namely, 33,531,503, only 62 per cent, is available to-day

for the ocean trade of all nations. The nations of Europe

engaged in war own over 21,000,000 tons. Of the

17,000,000 tons comprising the merchant marine of the

Entente Allies, 65 per cent, is owned by Great Britain. Of
the 21,000,000 tons owned by the belligerents, over

4,000,000 tons belonging to the teutonic allies are bottled

up in neutral harbors and elsewhere. Of the 17,000,000

remaining, over 50 per cent, has been commandeered to

act as transports and supply ships. These are some of the

factors which have caused ocean freights to rise to the

highest level in history.

In addition, since the outbreak of war, 2,031,000

merchant tonnage has been sunk. New tonnage launched

in approximately the same period has been 1,201,638,

giving a net tonnage loss of 829,000. Little, if any, in-

crease can therefore be expected in ocean ship space dur-

ing the war. Even after the war, with a certain amount

of tonnage released by various governments, there will

be a great scramble for ships for use during the coming
commercial campaign.

Therefore, the development of Canadian shipbuilding,

is receiving considerable attention from capitalists and

manufacturers. In an address before the annual meeting

of the Canadian Manufacturers' Association, Mr. Thos.

Cantley dealt most interestingly with this subject. He
pointed out that Canadian shipping carried only a small

portion of the lake freights and about one-tenth of the

whole produce sent from Canadian ports. He outlined the

history of the railways in the Dominion, and deplored the

fact that the Government had not carried out a similar

policy of assistance in regard to marine transportation.

The canal system has cost over S 100,000,000 since

Confederation, but it is open to competitors, and over

four-fifths of the traffic passing through the canals

originates in the United- States, while less than one-third

of the vessels are Canadian. The Dominion has also

spent $150,000,000 on aids to navigation on the coast

and inland waters, which are used by all in common, but

the Government has done practically nothing towards

encouraging the shipbuilding industry. There are a few

Canadian shipyards equippped for the building of steel

vessels, but they are all on the Great Lakes, and none on

the .'\tlantic seaboard.

Mr. Cantley gave statistics regarding the output of

wooden ships in the Maritime Provinces from 1874, when

190,756 tons were built in a year, and the tonnage on the

register was 1,158,363, up to 1914, when the vessels built

in the year w-ere 43,436 tons, and the tonnage on the

register was 932,422. He declared that he had no faith

in any scheme for providing greater or more efiicient

transportation through Government ownership, time

charter or operation of a tramp steamer fleet, or by

any other form of attempted control of ocean traffic by the

Government, but considered that the Government would

be justified in making a considerable expenditure to aid

in the development of shipbuilding at present.

The iron and steel industry of Canada could never

have reached the present output capacity save for the

fostering influence of the combination of tarilt protection
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and l>i>iml\. Sluol sliiplniihling on a compiclicnsive scale

can be <li\ eloped il the C'un eiiinunl is prepared to grapple

with the matter in a farsighted and liberal manner.

It is generally admitted that il requires from five to ten

years to build up any good manufacturing organization,

and this makes it necessary that any plan of assistance

should be guaranteed for a period long enough to enable

new yards to get their organization well established.

larger bhx-k, but this would undoubtedly be far more than

offset by the reduced cost of the materials. The further

progress of the Tacoma experiment undoubtedly will be

w-atched with interest by municipal engineers.

TWO-INCH WOOD BLOCK PAVEMENT.

In October, 1913, a loo-fool strip of experimental

paving was laid in one of the residential streets <if Tacoma,
Wash., using creosoted wood blocks only 2 inches deep.

Inquiry last month by The Canadia7i Engineer brought a

reply stating that the pavement is, in general, in goofl

condition. "There has been no heaving. .-\ portion of the

pavement w-hich was laid on a concrete base that had a

sidewalk finish, has apparently separated from the foundp-

tion, but this could be prevented in future w'ork. The
blocks showed excessive bleeding, but this also could be-

prevented by different treatment.

"The street receives very heavy traffic for a residential

street, inasmuch as it is the only one used for carting

between the two main streets of Tacoma, and it is on the

right-hand side leading out of the city, thus getting the

traffic of the heavily loaded teams. With the exception

of where the joint was made with the asphalt paving, and
which slipped up over the blocks, necessitating the cutting

away of the asphalt, no expenditure has been made for

up-keep on this experimental pavement."

If creosoted wood block only 2 inches deep proves

practical, a new field will be opened for this type of paving
on account of the great reduction in cost that will be
possible. The blocks laid at Tacoma were only i "a inches

wide by 3% inches long. They were Douglas fir, treated

w'ith approximately 18 lbs. per cubic foot of creosote. On
account of the small size, excellent penetration and uni-

formity of grain were more easily obtained than with

blocks of standard size.

The blocks were laid on a concrete base 14^^ feet

wide. The pavement was divided into four sections, each

25 feet long, as follows :

—

(i) Blocks laid with long- axis at right angles to the
line of traffic, on a i" sand cushion; broken joints, blocks
rammed tig'ht.

(2) Blocks laid at an angle of 6y}i deg. to line of

traffic, on a i" sand cushion ; rammed tight and joints broken
as in Section i.

(3) Blocks laid on a i" cushion made of one part of
cement to three parts of fine sand, mixed and spread dry

;

blocks laid with long axis parallel to the curb, making un-
broken joints along the line of traffic; at right angles to the
curb, joints are broken.

(4) Blocks laid in the same manner as in Section 3,
excepting that they are bedded in grout of i part cement to

three parts sand, mixed wet enough to take a smooth trowel
finish.

The crushing strength of 2-inch blocks is said to be

approximately as great as the crushing strength of the

larger blocks, and as there is not likely to be two inches

of actual wear during the lifetime of the pavement if the

blocks do not rot, break or crack, the 2-inch block would
seem to be feasible with proper treatment, provided that

they are made so small that the impact of traffic will not

break them. The cost of laying the smaller block would,
of course, be somewhat higher th.in the cost of laying the

LETTER TO THE EDITOR.

"Another Water Powers Investigation?

Sir,—My attention has been called to your editorial

in June ist issue, "Another Water Powers Investigation,"

in which you expressed the belief that the Economic and
Development Commission was alx)ut to investigate the

water powers of the Dominion.
In justice to your readers who may be interested in

this matter, I should be obliged if you would state that

the Commission has no intention at the present time of

conducting or having conducted anv independent investi-

gations regarding water powers.

Cognizance has been taken of the results obtained by

the Water Power Branch of the Department of the In-

terior, and by provincial authorities who have conducted
similar investigations. It is evident that the information

now available on this subject will be quite adequate for

present purposes.

Yours very truly,

(Signed) W. J. BLACK,

Secretary, The Economic and Development Commission.
Ottawa, June 14th, 1916.

UNDERGROUND CANAL DUG.

Despite the war and the tremendous burden it has put
upon France, a tremendous undertaking, which was started
long before any one suspected that there would be a war,
has just been completed and France now possesses the

longest underground waterway in the world. This is the Rove
Tunnel from .Aries to Marseilles, which was inaugurated last

week.

This wonderful waterway runs through a mountain and
below two communes. It is 72 feet broad and from the canal
bottom to the summit of the vault its height is 46 feet. There
will be ten feet of water in the canal, so from its surface
there will be a clear space overhead of ^6 feet. To put it

otherwise, the section of the tunnel is six times that of our
ordinary tunnel. To add another touch, it may be said that

twice as much detritus has been shovelled out to make this

underground passage as came from the Simplon Tunnel.
The canal is not yet finished. .-As yet the bed of the Rove

Tunnel is dry. though it is pierced through all its length.

It will take three years before it is ready for traffic, but
when the work is done Marseilles will join hands with Havre
for the first time.

WILL DOUBLE PLANT.

The .A.rmstrong-Whitworth of Canada, Limited, has

awarded contracts for the doubling of its already extensive

plant at Longueuil. Que., at an estimated cost of $750,000.

The new plant w'ill comprise a plant for the manufacture of

steel tires for locomotives and passenger rolling stock, as

well as for the rolling of steel wheels and the manufacture
of forged axles. The company will also add a rolling mill

and provide for the making of special rounds and shapes,

all made for electric smelted steel, while rough drills and
material of that class will also be made. This is the first

time the manufacture of steel wheels has been attempted in

Canada, but this is done to meet the now heavy demand for

such wheels, which are necessary to carr>- cars of 75 tons

weight.
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MONTREAL AQUEDUCT SCHEME.

CONTROLLER VILLENEUVE, of Montreal, whose

motion to appoint experts to report on the proposed

aqueduct power development was defeated by his

fellow controllers, is making a strong endeavor to

get the desired information in another manner. Taking

advantage of his "parliamentary privileges," he has gi\ en

motion that he will ask a certain series of questions re-

garding the aqueduct, at a future meeting of the board.

Mayor Martin stated that if necessary the whole staff of

the various departments interested would be set to work

to answer the questions. It is expected that answers will

be ready within a fortnight. The questions asked by

Controller Villeneuve are as follows :

—

I.—Names of the experts, and date of their appointment,

who have approved, or only examined the figures on the debit

of the tailrace, as planned for the new enlargement, contract

No. 2.?

2.—By whom v.'ere those figures calculated, verified, and
at what date.' Do such figures show the depth, width of sec-

tion of tailrace. its slope in longitudinal profile, and that the

back water of the St. Lawrence has been studied well enough
in 1913 so as to establish a permanent flow of all the water
passing through the turbines, without changing the height
of the waterfall at the power-house and the amount of power ?

and without an excess of current that would be damageable
to the tailrace?

3—If such calculations have not been made or verified as
exact by experts, was it possible to determine the measure-
ments of the enlargement of the tailrace and how can one be
assured tha| the tailrace will be able to take care of all the

water coming from the canal, without causing eddies that will

be dangerous to the plant ?

4.—On what basis, on what calculation, on what type of

plant, on what selection of machinery and equipment, on what
dimensions of plant, buildings, installation, are based the
figures for the- settling basis at the wheel-house ? When was
that basin excavated .'

5.—Whether the kind of plant, the type of machinery, the
power of installation, the plans for a plant, have or have not

been studied, calculated and prepared, how was it possible to

give contracts for excavating the basin and the tailrace, and
have the basin dug out on imaginary measurements ?

6.—On what selection of machinery, on what kind of

plant and' electric installation, on what disposition of build-

ings, on what plans, specifications, studies and projects, were

based the estimates of the approximate cost of the power-
house, pumping plant and electric plant, and the figures re-

ported to the Board and the Council to the support of a de-

mand of a credit, showing the total cost of the undertaking
and the cost price of one hydraulic h.p. ?

7.—After the study made up to this date, by the en-

gineers of the aqueduct as to the plant of a power-house, a

pumping house and a central electric station, can the depart-

ment estimate, within a million dollars, the probable cost of

the work and the installation to the plant to be erected and
equipped?

8.—If no serious and careful estimate was ever made,
how can the superintendent of the aqueduct estimate the

probable cost of a hydraulic h.p. and the cost price of light-

ing, declare it advantageous and economical, that is. munici-

pally not prohibitive under local conditions at Montreal?
g.—To what did the department estimate the annual ex-

penditure of the operation and maintenance of the new power?
These permanent charges are :

—

(a)—Salaries of operators and guardians.

(b)—Maintenance, lubrification, repairs to machinery,

buildings and canals,

(c)—Sinking fund on buildings, machinery, transmission

lines, canals, bridges, fences and roads,

(d)—Interest on capital invested since igo6 or igo- (not

including filtration plant).

10.—What is the gravity of the accident to the intake?

What soundings had been taken before ordering that struc-

ture ? By whom ? What was the nature of the soil in the

foundations' Who has superintended, inspected and accepted

that work? Who signed the orders for payment? Were any

extras paid to the contractors for rock excavating ? When
will be made the necessary repairs?

1
1—What is the amount payable by the city, for repairing

the concrete conduit after the accident of 1913? Has the

amount been paid? Who was it paid to?

V\'ho was found responsible for the accident ? Who passed
judgment on the damages and the responsibilities?

12.—What is the annual salary for engineers, draughtsmen,
chainmen, surveyors, inspectors, clerks, etc., paid by the de-

partment to parties employed permanently in connection with

the enlargement of the aqueduct (not including the filtration

plant): (i) for 1913, 1Q14; (2) for igis, for the five months
of 1916.

13.

—

Are the engineers in charge of the filtration plant

also in charg:e of the aqueduct ? On what scale are they paid

;

what is the monthly total expenditure on the aqueduct and
the filtration plant ?

14.—.A.t what was ever estimated the project of munici-

palizing the lighting, the cost of aerial or underground lines

for transmission and distribution of electricity?

15.—What are the fixed charges per month, for operat-

ing the Laval pump (pump No. S) and the boiler connected

with it? (a) Salary of engineer and fireman; (b) Cost of coal

for boilers operating that pump; (c) Lubricating and light;

(d) Maintenance and repairs of machinery; (e) Wear and
tear and sinking fund.

16.—What is the number of bridges to be erected on the

canal and what is their approximate cost ?

17.—What will be the approximate cost of the boule-

vards ? How much land was given free of cost to the city and

how much there is to be expropriated ? Where are we at with

the whole expropriation of the boulevards ?

iS.—Has the cost of an auxiliary steam plant been calcu-

lated ?

ig.—What will be that cost ?

20.—Has an adequate study been made of the work to be

done at the intake to prevent obstruction of the canal frazil

and to insure the deviation of floating ice. What was the esti-

mated cost of that work in igi3 ; on what mode of construc-

tion and on what calculation was based the estimation? Were

any experts consulted on the subject ?

Controller Villeneuve requested the city comptroller and

auditor to supply the following information to the Board :

—

(a) A statement of the accounts spent since igo6 for the

aqueduct.
1. The concrete lateral conduit. i, contract for con-

duit and accessories ; 2, purchases of land or expropriations

for the conduit; 3, salaries of engineers, inspectors, office

clerks, etc., for 1906-igog; 4, compensating basin, for twin

conduit : 5, gate basin at the intake : 6, intake in the River

St. Lawrence.
2. Widening the canal (contract No. i); i, Qiiinlan and

Robertson, contract and extras; 2, salaries of engineers, in-

spectors, offices, instruments, etc., igog-igi3.

3. Widening the canal (contract No. 2), Cook Construc-

tion Co. I, amount of tender; 2, amount paid to date.

.Amount claimed by the Cook Construction Co. for extras

and damages.
4. Salaries of engineers, inspectors, offices, instruments,

etc., ( igi3 to date).

(b) What is, to date, the capital engaged in the widening

of the aqueduct (not including the filtration plant).

What is the amount of interest already paid on that same

capital, either engaged or spent? What is the average rate

of interest?
.

What^s the amount still available on the loans authorized

to that end ?

(c) What round figure is represented by the capital en-

gaged in the steam pumping station of Centre Street (com-

plete) ? (a) buildings and chimneys: (b) machinery (purnps

and engines), bridges; (c) steam tubing. Is there a sinking

fund for depreciation and renewal ?

(d) What are the total and fixed charges per annum for

the operation of the low level steam pumping plant? (a)

Salaries; (b) oil, upkeep, repairs; (c) total annual disburse-

ments for coal. The above covering the year igi5_

(e) What was the cost of the last thirty million gallon

pump installed? (a) Complete cost of machinery, installed;

(b) cost of buildings and foundations; (c) cost of the last

row of boilers'; (d) cost of the boiler house; (e) cost of the

last brick chimney.
(f) What is the total annual amount of charges paid by

the citv to electric light and power companies for (a) for

lighting- streets, parks, etc. ; (b) for lighting municipal build-

ings ; (c) for motive power in pumping stations, shops, etc.?
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Capt. G. H. HLACKADER, a member of the firm of

Barott, Blackader & \Vebster, architects, Montreal, has
Been reported wounded in the recent fighting.

C. C. JOHNSTON, formerly resident engineer at

London, Ont., for Chipman & Power, of Toronto, has
joined the Canadian Copper Co. at Sudbury, Ont.

H. G. .\CRES, B..\.Sc., hydraulic engineer of the

Ontario Hydro-Electric Power Commission, has received

the degree of M.E. from the University of Toronto.

W. G. CH.ACE, chief engineer of the Greater Winni-
peg Water District, has been elected chairman of the

Winnipeg branch of the Canadian Society of Civil

Engineers.

Lieut. -Col. R.VMSAV, engineer, C.P.K., was among
those who received birthday honors conferred by King
George, receiving the C.iSLG. for organizing the railway

construction corps.

E. H.WSON, city electrical engineer, Saskatoon,
Sask., recently read a paper entitled "Power Development
in Saskatchewan" before the members of the L'tilities

Engineering Society of Saskatoon.

J. T. JOHNSTON, Assoc.Mem.Can.Soc.C.E., chief

hydraulic engineer of the Water Power Branch, Depart-
ment of the Interior, received the degree of C.E. from the

University of Toronto last Friday.

LEON.ARD \IETC.\LF, consulting engineer, of the

firm of Metcalf &• Eddv, Boston, has been elected president

of the -American Waterworks -Association, to succeed

Nicholas S. Hill, Jr., whose term of office expired.

J. C. JOHNSTONE, town engineer. Port .Alberni,

B.C., now in France with the Canadian Engineering
Corps, has won his commission on the field. In the latest

report he expected to return to England for a short time
on leave.

JOHN J. DEU'HIRST, a prominent engineer and
road builder of Essex County, has tendered his services

to the Canadian Government to head a construction corps
now being recruited to build railways, bridges and roads
in the war zone.

J. -A. McCULLOCH, formerly sales manager of the
Manitoba Bridge and Iron Works, Limited, Winnipeg,
has been appointed general superintendent of the com-
pany, to succeed Mr. E. Stewart, who has I>een compelled
to resign owing to ill-health.

C. D. HOWE, chief engineer of the Dominion Grain
Commission, will deliver an address this evening on "Ter-
minal Grain Elevator Construction" at a joint banquet of

the Regina Engineering Society and the Regina Branch
of the Canadian Society of Civil Engineers.

Lieut.-Col. A. CLYDE CALDWELL, commanding
Royal Canadian Engineers in the 2nd military district,

has been promoted to the important post of officer ad-
ministering Royal Canadian Engineers for the whole
Dominion. His headquarters will be at 215 Simcoe Street,

Toronto.

OBITUARY.

JOSIAH MASON, a well-known Brampton (Ont.)

contractor, died recently at his home in that town.

JOHN W. MESSACAR, building contractor, passed
away recently at his home in Hamilton, Ont., at the age
of 59 years.

CH.\i\Li;S R. SCOLE.S, a prominent railroad man
of New Carlisle, Que., died recently in Bermuda. The
deceased was Ixirn at (irantham, England, in 1856. He
was connected with various railway enterprises in Eastern

Canada. In 1890 he was appointed manager of the

Salibury & Harvey Railway. In 1900 manager of the

Atlantic and Lake Superior Railway and in 191 1 manager
of the Quebec Oriental and .All.inlic, Quebec and Western
Railways.

S. H. REYNOLDS, M.Can.Soc.C.E., chairman of

the Greater Winnipeg Water District Commission, died

suddenly last Friday night in Chicago. Mr. Reynolds had

seeminglv been in perfect health, and it is thought that

death resulted from an acute attack of heart trouble. He
was appointed to the Winnipeg commission early in

October, 1913, and was thd first member of the commis-
sion to be appointed. .At that time he was a resident of

Victoria, B.C., and had been engaged for a number of

years in mining pursuits. He had been assistant city

engineer of Winnipeg for some years under Col. Ruttan,

resigning from that position in 1907. He was elected to

full membership in the Canadian .Society of Civil Engineers

on March 12, 190S.

DUST.

The following very good editorial appeared in a recent

issue of The Ottawa Journal :

—

It is time Ottawa took up in earnest the matter of

oiling the roadways. This is a beautiful city, but a dirty

one; and not mud but dust does the worst mischief.

Dust is bad for the lungs.

Dust, is bad for the eyes and ears and nose.

Dust is bad for the skin.

Dust is bad for the temper.

Dusfis bad fqr shop goods, and bad for shop windows.

Dust is bad for housekeeping.

Motor cars are desperate dust-producers. Dust gets

back at them with grit and dirt, injures them and worries

their owners.

If this dust infliction had to be endured—if there were

no recourse against it—all of us could go on grumbling

as we do now, and no one would be just to call us silly.

Much of it does not have to be endured. Sprinkling the

streets, or some of them, with oil will stop a great deal

of the nuisance. Sprinkling with water stops some, of

course. But sprinkling with oil is a very great deal more
effective ; nor is it much more expensive. It is not so

expensive but that the Ottawa Improvement Commission,

which is careful and sensible with its money, is able to oil

the park driveways. It is not so expensive but that many
cities are able to practise it.

Oiled roadways in this city would add vastly to the

comfort, the health and the pleasure of the people. The
Board of Control should take a real try at this question.

Mr. Paul Janoushevsky, of the Vladicaucasc Railway,
Russia, has been visiting Vancouver, B.C., and Portland,
investigating the construction of bridges. On his return to

Russia he will superintend the construction of the first direct

lift bridge to be erected in that country.

The Jeffrey Manufacturing Company of Columbus, Ohio,
announce the re-opening of their Northwestern Branch Office

at Seattle, Wash., and the appointment of Percy P". Wright,
Consulting Mechanical Engineer, as District Manager for

British Columbia and Alberta.
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WINNIPEG RIVER POWER AND STORAGE INVESTIGATIONS
A BRIEF REVIEW OF WATER RESOURCES PAPER No. 3, AX OFFICIAL PUBLICATION
OF THE DOMINION WATER POWER BRANCH, COVERING THE DEPARTMENTAL
INVESTIGATIONS INTO THE POWER RESOURCES OF THE W'INNIPEG RIVER WATERSHED.

Part III.

A S' typical of the detailed character of the investigations

L^ of the Dominion Vi'ater Power Branch into the

A JL proposed power concentrations on the Winnipeg
River, and as indicating briefly the manner in

which the data secured and compiled has been made
available to the public in "Water Resources Paper No. 3,"
the following notes from the report on the proposed con-
centration at the Du Bonnet Falls have been prepared.

After full consideration of all aspects, the river reach
in question was divided into three proposed concentra-

tions—Pine, Du
Bonnet and Mc-
.\rthur respec-

tively. The Du
Bonnet concen-
tration includes

the natural drop
at Whitemud,
at Little du
Bonnet and at

Grand du Bon-
net Falls.

Head and
Taihvater EIe=

vations. — The
headwater at

the proposed
Du Bonnet
plant has been
placed at eleva-

tion 808. This
will result in a

4-foot rise in the present normal water level at the head
of fhe falls, and will flood back to the foot of the second
McArthur Falls.

Flooding.—Little flooding will result from raising the
headwater to elevation 808. .\n embankment is necessary
on the west side. This embankment is designed with a
lo-foot top at elevation 815, and with i '2 : i slopes. It is

800 feet in length, and at regulated level in the pond will

withstand a head of from 5 to 7 feet at its heaviest
sections.

Pondage.—.\ regulated level of 808 will create 1,700
acres of pondage. A draw of 1.7 feet on this pond will

supply a four-hour peak load to the full installation con-
sidered, i.e., 140,000 horse-power, assuming a continuous
flow of 20,000 second-feet in the river. While this pro-
vides very fair pondage facilities, thev are not as favorable

Model of Proposed Du Bonnet Layout.

as the conditions at the majority of the sites projX)sed
along the river.

Ice Conditions.—During the winter season the channel
in the \ icinity of island No. 2, below the Little du Bonnet
Falls, becomes at times somewhat choked with a deposit
of frazil and anchor ice. This is largely due to the long
stretch of agitated water in the Grand and Little du Bonnet
Falls, presenting ideal conditions for the formation of
frazil and slush ice. The contracted river channel in the
vicinity of the island, together with this formation of frazil,

forms a com-
bination favor-

able to the for-

mation of an ice

barrier, and is

at times the

cause of more
or less choking
and consequent
raising' of the

water level

above.

Layout.—The
general layout

(Fig. i) con-

nects with con-

tour 815 on the

right bank by
means of a core-

wall embank-
ment, ice sluic-

es, and power
station joined direct with a sluice and spillway dam of

solid gravity section arched in plan so as to follow the

high rook above the falls, and finally closes with the

high land on the opposite bank by means of a second

embankment.
East Embankment.—The east embankment has been

estimated with a 15-foot top at elevation 815, and I'o : i

slopes, constructed from the material most readily avail-

able. Impermeability is seciJred by a concrete corewall

with a i-foot crest at elevation 814; and a batter of i : 12.

This core will be bonded to the bedrock should the latter

be within reasonable distance of the surfa<-e, and if not,

a tight and safe bond can readily be obtained with the

clay subsoil.

Ice Sluices.—Between the east embankment and the

power house are located three 20-foot sluices with sills at
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I'li'Viitioii 703. These serve tlie double purpose of provid-

ing a suitable ice run and adtlitioiial discharging capacity

to the whole layout. The sluices arc so placed as to clear

the forebay of ice and drift by tending to produce a current

parallel to the line of the power station. It has been

assumed that rock will be available for the foundation at

elevation 775 under the easternmost sluice, and at 770

(1) Initial Development.—This consists of the seven
io,CKXj-liorse-]M>\\< r units next the dam. It will provide

for the utilization of i^.ooo second-feet at 46-foot head,

with the turbines running at eight-tenth gate.

(2) Intermediate Development.—This consists of

twelve 10,000-horse-power units, the additional five being
adjacent to the initial installation. Twelve units will pro-

l-:^<'>
'I-' ,*;';"

-<im^

Discharge 14,

Normoi Reftulated Wfllef >

lc« Wei,r Level___: .762.MB! M.jh w L -__767 9
P'opoiwd FuUrt Rc^WL .'752

"W X X R I

It >» propotcd lo odd Whitemud Foil*

to tK» du Bonnet developrnpnt. Icwer-nt
th« preeent t»>l water to 7S2

Y 2:
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the regulated level. Solid rock underlies the sluiceway

section. Its elevation has been assumed at 765.

Spillway Section of Dam.—The spillway section of the

dam, 400 feet in length, has its crest at elevation 808, and

is surmounted by a lo-foot platform supported by 3-foot

piers, spaced 23 feet centre to centre. The platform will

give ready access to the plant

from the rail connection on the

west bank.

Discharge Capacity.—At regu-

lated level the fifteen sluiceways

and three ice sluices will dis-

charge 72,000 second-feet. In

addition to this the completed

power station will pass an addi-

tional 20,000 second-feet, which,

although not a source to be relied

upon at all seasons, may be con-

sidered as a safety factor.

A free spillway, 400 feet in length with crest at 808,

provides for automatic regulation. Three feet over this

crest, with all sluiceways open and the power station in

operation, gives a total discharging capacity of 113,000

at all points where any reason for doubt exists, to make
the most liberal provision for eventualities.

The estimates include a 13-mile spur line from the

present terminal of the Canadian Pacific Railway at Lac
du Bonnet. This will bring rail connection to the west

bank of the river. .'\n item has been included for the con-

Model of Proposed McArthur Layout.

struction of a ferry for the transport of loaded cars across

the river to the power station site.

In addition to the above, 10 per cent, has been added

for contingencies, 5 per cent, on this total for engineering

and inspection, and 5^2 per cent, on the whole for one

year for interest during construction. The estimated cost

of the Whitemud Falls excavation has been inserted as

a unit.

The annual operation costs include capital charges,

and represent the cost of operation at the power station.

They do not include transforming and transmission.
rrnW.T«f^ ?""

PLAN ON LINE A.A

Fig. 2.

second-feet. Five and one-half feet above the spillway

crest can be carried by all structures.

Estimates of Cost.—The estimates place the power on
the switchboard in the power station, and do not include

transmission. It is considered that the assumptions which

have been necessary are more than warranted. -Actual

construction will possibly lead to a considerable reduction

in the totals submitted, as it has been considered advisable

Du Bonnet Site.—(1)—Initial Development.

IO,000=h.p. Units.)

Capital Cost of Installation.

Dam and equipment $

Embankment (flood protection)

Ice sluices

Power station and equipment

Hydraulic installation

Electrical installation

Railroad

Ferry

Permanent quarters

Contingencies, 10%
Engineering and inspection, 5"o

Interest during construction, 5 \4%

(Seven

542,000

5,000

72,000

657,000
665,000

805,000

156,000

50,000

25,000

298,000

164,000

189,000

Total initial cost $3,628,000

Twenty-four-hour power available at 75%
over-all efficiency = 47iOoo h.p.

Capital cost per twenty-four-hour h.p = $77-i9

Capital cost per installed h.p • • • • = 5^-^3

Annual Cost of Operation.

Interest, sinking fund and depreciation charges:

Interest, 5?j% on $3,628,000 $200,000

Sinking fund, 4% (40-year bonds) 38,000

Depreciation: 1% on permanent works =
$12,000; 4% on machinery, etc., = $64,000. 76,000

Operation charges: staff = $21,000; supplies

= $20,000 41 ,000

Total annual charge $355,000

Annual cost per h.p. -year, 24-hour power = $7.55

.Annual cost per h.p. -year, machinery

installed = 5-°7

Annual cost per kw. hour = o- 1 '5 cent

.Annual cost per kw. hour on basis of

50% load factor -^ 0.230 cent
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(2)

—

Intermediate Development. (Twelve 10.000-h.p.

Units.)

Capital Cost of Installation.

nam ;ukI iquipmcnt $ 542,000

Embaiil<mcnt (Hood protection) 5)000

Ici' sluices and roadway 72,000

Power station and equipment 92(1,000

Hydraulic installation i ,140,000

Electrical installation i ,380,000

Railroad 1 50.000

I'crry 50,000

Permanent quarters ' 25,000

Contingencies, 10% 430,000

Engineering and insf)ection, 5% 236,000

Interest during construction, 5%% 273,000

Total intermediate cost S5, 235,000

Twenty-four-hour power available at /^%
over-all efficiency = 78>500 h.p.

Capita] cost per 24-h'Hir Ii.p = $66.69

Capital cost per installed h.p = A3-^^

.\nnual Cost of Operation.

Interest, sinking fund and depreciation charges:

Interest, 5 '4% on 85,235,000 $288,000

Sinking fund, 4% (40-year bonds) 55>ooo

Depreciation: 1% on permanent works =
$14,000; 4% on niachinery, etc., = Sioh.ooo 120,000

Operation charges: staff = $27,000; supplies

= $32,000 . !^ 59.000

Total annual charge $522,000

Annual cost per h.p. -year, 24-hour power = $6.65

Annual cost per h.p. -year, machinery

installed = 4-35

Annual cost per kw. hour = o. 102 cent

Annual cost per kw. hour on basis of

50% load factor = 0.204 cent

(3)_Final Development. (Fourteen 10,000=h.p. Units.)

Capital Cost of Installation.

Dam and equipment $ 54- >ooo

Embankment (flood protection) 5,000

Ice sluices and roadway 72,000

Power station and equipment 1,035,000

Hydraulic installation 1,330,000

Electrical installation 1,610,000

Railroad 1 56,000

Ferry 50,000

Permanent quarters 25,000

Contingencies, 10% 483,000

Engineering and inspection, 5% 265,000

Interest during construction, 53-2% 307,000

Whitemud Falls rock-cut 671,000

Total final cost $6,551,000

Twenty-four-hour power available at 75%
over-all efficiency = 95,500 h.p.

Capital cost per 24-hour h.p. = $68.60

Capital cost per installed h.p = 46.79

.\nnual Cost of Operation.

Interest, sinking fund and depreciation charges:

Interest, -,'<% on $6,551,000 $360,000

Sinking fund, 4% (40-year bonds) 69,000

Depreciation : 1% on permanent works =
$15,000; 4% on machinery, etc., = $123,000 138,000

Operation charges : staff = $30,000 ; supplies =
$38,000 68,000

Total annual charge $635,000

Annual cost per h.p. -year, 24-hi)ur power = $6.65

.Annual cost per h.p. -year, niachinery

installed = 4.54

.•\nnual cost per kw. hour = o. 102 cent

.\nnual cost per kw. hour on basis of

50% load factor = o. 204 cent

COST OF MAINTAINING NEW YORK STATE
HIGHWAYS."

By Fred W. Sarr,

Deputy Commissioner, New York State Highway Department.

UPON' receiving your kind invitation to lie with you

to-day and address you on the subject of highways,

I was at first reluctant to accept same owing to the

voluminous and important work which has been

before the Commission during the past few m.onths. In

finally accepting, however, I did so with the idea in mind
of addressing you on the subject of the maintenance and

repair of improved highways in the State of New York,

which end of highway engineering in that State, I am at

present associated with.

The proposition of maintenance of improved highways
in New York State is an enormous one, practically ninety

millions of dollars having been spent by the State for the

construction of roads in the past seventeen years, and yet,

with this huge expenditure, the experience gained and the

system now in force, the maintenance of highways, even

in our great State, is, I might say, still in its infancy. The
evolution in the kind of traffic to which our roads are

subjected, particularly the adoption of the use of motor

trucks carrying very heavy loads, and the general increased

traffic necessitates a continuous study of individual cases.

General maintenance is comprised of keeping the

paved roadway surfaces in as nearly uniform condition as

possible, due regard being had for the relative importance

of each particular road and the character of traffic it bears

;

keeping the earth shoulders smooth and safe for traffic

;

the drainage system free from obstructions ; all structures

in good repair and removing obstacles to vision, as brush

or overhanging branches.

If the work of maintenance of improved highways is

consistently performed throughout successive years, it is

certain that the efficient life of such roads will be lengthen-

ed, and it would appear as though it could be prolonged

almost indefinitely, if year by year the material added to

the paved surface be equal or a little in excess of the

material which has worn away during the same interval of

time. This applies to the macadam type of construction

which constitutes the vast bulk of the mileage under

maintenance.

Maintenance should commence when construction

leaves off, because in order to effectively and economically

maintain improved roads it is necessary that the roadway

be in a good state of repair at the time the maintenance

work begins.

As an illustration of the magnitude of highway con--

struction and maintenance in New York State, there were

on .April I, 191 5, 5,345 miles of improved and accepted

state and county highways, and this mileage was increased

as the season advanced, and on December 31, 1915, there

were 5,926 miles of improved and accepted highways

which has been maintained and repaired.

*Read before the Third Canadian and International Good
Roads Congress, March, igiO.
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The following is a summary of the maintenance and

repair work performed during the past season, including

sums obligated on uncompleted contracts:

z-jb miles of highway resurfaced or recon-

structed at an average cost of approxi-

mately $5,471 per mile; total expenditures

and obligations under this item $1,510,112

2,086 miles of highway given a surface treat-

ment of bituminous material and cover of

sand, fine gravel, iron ore tailings or fine

crushed stone, at an average cost of $419
per mile ; total expenditure and obligations

under this item 874, 137

728 patrolmen employed in the work of main-

tenance and minor repairs, at a total cost

for labor 403,047

Expended for material and temporary labor in

making miscellantous repairs and supplying

material to patrolmen for maintenance . . . 998,462

Expended for rentals of large units of repair

equipment S^-'SS
Expended for purchase of equipment and tools 31 1958

Expended for engineering, supervision, inspec-

tion and expenses incidental thereto 334,724

Total amount expended and obligated for

all purposes, approximately $4,210,575

The State Highway Law, or our authority, provides

for the maintenance and repair of improved highways
either by contract or departmental forces, and all work
which can be properly anticipated and foreseen, is incor-

porated into contracts which are awarded to the lowest

responsible bidder, and emergency work and work of a

minor nature, particularly such repairs as cannot be
definitely measured or expressed in contract units, is per-

formed by departmental forces.

During our past working season there were 230 main-
tenance contracts prepared, advertised and awarded to

the lowest responsible bidder for a sum aggregating

$2,271,566.59, or 61 per cent, of the total amount
expended.

There was expended directly by the department for

materials, labor, rental and purchase of equipment and
tools, the sum of $1,604,285.

.A. study of the experience of our Maintenance Depart-
ment in maintaining and repairing highways during the

past year indicated that the expenditures are divided into

three groups

:

First. Maintenance, or the act of maintaining and
preserving the various features of the highway in the same
or uniform condition ; the cost of such maintenance of all

the improved highways of all types was approximately

$350 per mile, which involves the cost of the patrol svstem
and the material used by the patrolmen, together with the

cost of the surface treatments with bituminous materials

and cover and superv-ision.

Second. Repair, or the act of restoring the highway
to its former condition after more or less extensive deter-

ioration during the winter season with the contingent
freezing, thawing, unstable foundation, obstructed drain-

age, floods, washouts, sliding banks, etc., and that the

cost of such emergency repairs was approximately $140
per mile for roads of all types.

Third. Reconstruction and resurfacing. While on
many of the improved highways it appears possible, with
efficient maintenance, to preserve a standard of improve-
ment from year to year, there are those that show marked
deterioration in spite of efforts at maintenance and ex-

tensive repairs from time to time. This deterioration is

generally due to peculiar traffic conditions, combined with
unsuitable materials used in the original improvements,
and is often the result of insufiicicnt foundation material

in the roadbed.

The total amount expended and obligated for all

purposes in the year will average $750 per mile when dis-

tributed over the entire mileage of improved highways.

This statement is misleading in that a large percentage
of the total improved mileage is of recent construction.

The first highways improved by the State under the

Higbie-Armstrong .\ci were completed in 1899, and in

thirteen years, or to the end of 1911, there had been com-
pleted and accepted but about 2,600 miles, while in the
last four years there have been completed and accepted
3,226 miles. In other words, 55 percent, of the improved
mileage has been constructed an average of two years,
while the 45 per cent, has been improved an average of

ten years.

Assuming that no pavements should require resurfac-
ing for a period of four years after construction, it is

necessary to eliminate the 3,226 miles which have been
improved during the past four years from the considera-
tion of the cost per mile for resurfacing and reconstruction.
Therefore, the total expenditure for this subdivision of the
work should be distributed only on such mileage as has
been constructed or improved for a period of four years,
and when so distributed the cost per mile for this subdi-
vision during the past year is approximately $560 per mile.

It would seem, however, that the average life of a
pavement after reconstruction would be greater than that
of the first improvement, as foundational weakness that
has developed would be provided for in the reconstruction.
Also, the maintenance and repairs for the first five years
after the original improvement are greatly increased by
heavy items which are properly chargeable to improve-
ment, and are really a completion of the improvement,
such as removal of slides from banks which have been
cut into at the time of improvement ; the construction of
retaining walls to sustain such banks, and for the pro-
tection of the highway from the erosion of streams. Also
the drainage conditions, as provided in the original im-
provement, are often the subject of much complaint from
the abutting owners and necessitate modifications and
construction of storm water sewers, all of which develop
and are taken care of in the first few years, after the
original improvement. It can, therefore, reasonably be
expected that the cost of maintenance repairs and recon-
structions will decrease in some proportion to the age of
the improvement and that the high cost of $560 per mile
for resurfacing and reconstruction, when applied to all the
improved highways, would never be attained, and that the
reduction in the item of repair would offset the increase
in reconstruction as the improvements increased in age
owing to the gradual elimination of weakness, together
with the effect of efficient maintenance.

It would accordingly seem by this manner of reason-
ing that the improved State and county highwavs of all

types could be perpetually maintained for about $750 per
mile.

Our expenditures for the past have been segregated
into groups to determine the expense of maintaining the
roads of various types, the expenditures in each instance
being charged to tfjetype in which the highway was classed
at the beginning of the season or before reconstruction.

There were under maintenance during the season 192
miles of gravel roads, upon which the average expenditure,
including reconstruction to a different type, was $955 per
mile, and the average expenditure, exclusive of recon-
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sliuctioii, was $577 per mile. Gravel roads, while most
suscx-ptiblc to deterioration under heavy tratlic, are most
easily and readily repaired. Said repairs are generally ac-

complished by scraping and honing in the spring and the

addition of new material from gravel banks in the vicinity.

Surface treatments have been given to gravel roads,

but are not generally satisfactory where any considerable

traffic prevails. The treated grave! surface is soon con-

verted into longitudinal ruls and ridges by displacement,

and this condition is not as easily repaired after the sur-

face has been treated. Where medium to heavy traffic

prevails it appears preferable to lay a new macadam sur-

face over the existing gravel, and this practice for the

past season results in the heavy expense for reconstruction

of this type.

There were under maintenance during the past season

2,298 miles of so-called waterbound macadam highways,

upon which the average expenditure, including resurfacing

and reconstruction, was-$i,055 per mile, and the average

expenditure, exclusive of resurfacing and reconstruction,

was $564 per mile.

The expenditures on this type of pavement are larger

than on any other type, both for maintenance and recon-

struction. This is partially due to the fact that the average

age of this type is greater than that of any other type.

The maintenance is more expensive owing to the necessity

of more frequent surface treatments and to the necessity

for constant patching. The large charge for resurfacing is

due to the large number of miles of pavement resurfaced,

and not to the cost per mile of the highways thus treated.

There were under maintenance during the past season

2,387 miles of bituminous macadam penetration method

pavement, upon which the average expenditure, including

resurfacing and reconstruction, was $510 per mile, and

the average expenditure, exclusive of resurfacing and

reconstruction, was $448 per mile. \ much larger per-

centage of this type of macadam is located on the main

trunk lines than that of the waterbound macadam and, in

general, the motor vehicle traffic over this type is very

much larger, in spite of which fact the maintenance is less

than for the waterbound macadam pavement.

Of the bituminous macadam mixing method type,

there were 63 miles under maintenance during the past

season, uf)on which the average expenditure for main-

tenance was Si 81 per mile.

The expenditures on highways of this type during

the past season have, in general, been for labor on the

shoulders and gutters and other work outside of the pave-

ment proper, although in a few instances it was necessary

to do considerable patching to the pavement, but, in gen-

eral, little or no repairs were required to the pavements.

The most unsatisfactory type of pavement, from the

maintenance standpoint, is that of concrete bituminous

type, and the construction of this type has been abandoned

by our state.

The body of this pavement is formed of a low grade

of cement concrete which was given a light surface treat-

ment of bituminous material and fine stone chips at the

time of construction. This thin surface treatment does

not adhere to the concrete, is readily removed by traffic,

which then wears into the concrete, necessitating frequent

and constant patching. Numerous experiments have been

tried out with surface treatment of varying depths, and

the consensus of opinion of those who have endeavored to

maintain this x'lass of pavement is that any surfacing to

he satisfactory must be thick enough to have stability in

itself and not less than two inches in depth.

There were under maintenance during the past season

^95 miles of this type of pavement, and the average ex-

penditure, inclutiing new surfaces, was $1,050 per mile,

and the average expenditure, exclusive of resurfacing,

was $532 per mile.

There were under maintenance during the past season

84 miles of first-class concrete pavement, and the average
expenditure on highways of this class was $129 per mile.

These paVements arc of recent construction, the

average age being one year, and the expenditures were
nearly all for labor and materials on the shoulders and
gutters, a small expenditure only being required on the

pavement for filling the frost cracks with pitch.

From the limited experience in the maintenance of

this type of pavement, it would seem that an expression in

regard to the clliciency of the type should be reserved lor

at least another year.

L'nder the heading of "Block Pavement" have been

grouped the expenditures for all brick, stone block and
asphalt block pavements.

There were under maintenance during the past season

291 miles of the.sc types of pavements, and there was an

average expenditure on highways of this type of $190 per

mile, including the reconstruction of one section about

one-third of a mile in extent, and the expenditure for

maintenance was $176 per mile.

This expenditure is, perhaps, about evenly divided be-

tween the pavement and the shoulders. The expense of

the maintenance of the shoulders is much heavier with the

rigid pavements, such as concrete and block, than with

the macadam types. This is due to the smooth, rigid

edge which catches and holds the traffic parallel thereto

for short distances, similar to the effect of street car rails.

A rut is soon formed along the edge of the pavement

which is generally filled with crushed stone, increasing the

cost of shoulder maintenance.

On the older brick pavements there has been expended

a considerable amount during the past season for taking

up and relaying small areas that have broken down. In

the western section of the state, wherein is located the

greatest mileage of brick pavement, some 102 miles, the

average cost of maintenance of this type was $245 per mile.

Summarizing the mileage and the average expenditure

for maintenance, repair and construction per mile per year

for each of the different types, we have

:

193 miles of gravel roads cost $955 per mile.

2,298 miles of waterbound macadam roads cost $1,055

per mile.

2,387 miles of bituminous macadam, penetration method

roads cost $510 per mile.

63 miles of bituminous macadam, mixing method

roads, cost $181 per mile.

295 miles of concrete bituminous roads cost $1,050 per

mile.

84 miles of first-class concrete roads cost $129 per mile. M
291 miles of block pavement roads cost $190 per mile. 'W

5,61 1 miles of all types cost $750 per mile.

A review of the above summary would indicate that

the various types could be grouped in three classes,

namely, low, medium and high maintenance types, and

when so grouped we have 438 miles of low maintenance

type, including bituminous macadam, mixing method,

first-class concrete and block pavement, upon which the

average expenditure for maintenance was but $177 per

mile per year; 2,387 miles of medium maintenance type,

including bituminous macadam, penetration method, upon

which the average expenditure was $510 per mile per

year; 2,786 miles of high maintenance type, including

gravel, waterbound macadam and concrete bituminous,

upon which the average expenditure was $1,059 per mile

per year.
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If the low and medium maintenanC'C types are grouped

in one class, we have slightly ovor half the improved high-

ways upon which the expenditure for maintenance is about

$440 per mile per year, and slightly under one-half the

total mileage upon which the expenditure for maintenance

and repairs was $i,obo per mile per year.

It is contended that with the present system of main-

tenance in many cases the life of a pavement may be ex-

tended indefinitely. The method referred to is that of

treating the surface of the pavement with a light applica-

tion of asphaltic oil or refined tar, and a cover of fine

crushed stone, sand or gravel. This treatment consists

of spraying on the surface of the pavement about one-

quarter of a gallon of oil or tar and covering the same
with from ten to fifteen pounds of cover material per

square yard of pavement. These materials are worked
and kneaded into the existing pavement by the traffic, and
most efficiently by rubber tire traffic, and results in filling

up the small interstices between the larger fragments of

the existing pavement and increasing the thickness of

the pavement from an eighth to a quarter of an inch. This
increase in thickness should more than offset the constant
wearing away of the surface by the abrasion caused by
the pounding of the iron-shod feet of the horses and the

iron-tire vehicles. The repetition of this treatment from
year to year will gradually increase the thickness of the

existing pavement. The ideal condition being where this

treatment approximately maintains the pavement at its

original thickness, as it has been found that where the

treatment has been too heavy or too frequently applied and
the oil and stone mat is built up to a greater thickness than
one-half inch, it is liable to creep and become displaced by
traffic, particularly in hot weather.

The experience in our state would indicate that a

waterbound macadam pavement under the average condi-
tion of rubber-tire traffic, should be treated once each year
for two years, after construction, then perhaps the treat-

ment may be omitted the third year, and in subsequent
years treatment is required two years out of three.

With the penetration type of bituminous macadam, a

surface treatment is not generally required until the second
or third year after improvement, and thereafter a treat-

ment every second or third year. The advantage of this

type of treatment is the ability to thereby incorporate a
thin layer of new material with the existing pavement at

a minimum cost and restore, at more or less frequent
intervals, the part which has been worn away by traffic.

The most efficient material seems to be one that
carries 65 to 70 percentum of bitumen or pitch and which
can be applied in a spray under pressure at a temperature
of from 80 to 100 degrees F. This grade of material is

sufficiently liquid for several days after being applied that
it may be worked and kneaded into the porous surface of
the pavement by the rubber-tire traffic.

.'\ heavier material that requires heating to a tem-
perature higher than 130 degrees F. in order that it may
be applied, cools after application and before receiving
traffic, and assumes a consistency of rubber gum, and
while it may be united with the stone chips by rolling, it

cannot be as thoroughly worked into the body of the pave-
ment, and simply lies on the surface as a mat which shifts

around under traffic and is worked into waves and hollows.
An example of the principle is the painting and varnishing
of wood surfaces. .\ thin paint or varnish is applied and
is worked into the pores of the wood by brushing and
rubbing and a more desirable and permanent surface is

obtained than by using a heavier or thicker varnish ap-
plied by flouring the same on the wood surface. The
varnish being so heavy it is necessary to heat the material

to make it sufficiently liquid to be poured over the surface.

No one would expect such a finish to a hard wood floor to

be very desirable or lasting. The floor could be opened
to use very much quicker, but permanent results could

not be expected. This simile is set—an explanation for

the necessity of the disagreeable condition of the road
surface for a few days after the bituminous treatment is

applied, during which period the traffic is working and
kneading the more or less liquid material into the existing

pavement.

There is also the necessity for the use of the light

material in the subsequent treatments in that the light

carrier oils soften the hardened material of the former
treatments and allow new material to unite and combine
therewith.

The best results are also obtained where the least

amount of cover material permissible is used. This can
best be explained by comparing the bituminous material

to Portland cement when used with sand in mortar. A
surplus of sand weakens the cementing qualities of the

cement. The same results are obtained by using a surplus

quantity of sand to cover the application sufficiently to

eliminate the disagreeable condition of the freshly treated

pavement. Where the pavement is not open, requiring a

filler for the interstices, and where previous treatments

have been given, better results will be obtained where no
cover is used, but a freshly treated surface with no cover
is dangerous to fast-moving vehicles and such treatment
is seldom resorted to in the country districts.

While the best results with surface treatments are

obtained with a semi-liquid bituminous product and a mini-

mum amount of cover, the disagreeable features of this

treatment from a traffic standpoint have been given

serious consideration, and changes have been made in the

specifications for surface treatments, which it is hoped will

materially reduce the period during which the treated

surface is objectionable from a traffic standpoint.

The light surface treatment with bituminous material

and cover does not appear to be suited to pavements where
horse-drawn, iron-tire traffic largely predominates. The
iron-tire traffic appears to grind the bituminous material

with the mineral aggregate and keep the surface roughened
and loosened, allowing the volatile oils to more readily

evaporate. The bituminous material then loses its ad-

hesive qualities, and is ultimately ground to dust and is

washed or blown away.

The bituminous mat tends to make the surface water-

proof, and as the moisture in the macadam leaches away
through the foundation and not being renewed from the

surface the so-called waterbound macadam is no longer

waterbound but is simply dustbound and is ready to be
loosened by traffic in any spot where the bituminous sur-

face mat is worn through, and it is necessapj' to either

provide a heavy mat or constant patching of the areas

where the mat has worn through. The tendency is there-

fore with the waterbound type to give a general treatment

more often than should be necessary, which results in

building up a heavy mat which finally creeps and displaces

under traffic in hot weather, and it is then necessary to

remove the entire mat and start over with the light surface

treatments.

With the bituminous bound macadam this precaution

is not as necessary. While the bituminous carpet sheds

off the surface water and the macadam dries out, the in-

dividual fragments are bound together with a bituminous

material and are not susceptible to the loosening effect

of traffic as they are in the dried-out, waterbound type.

The results being that a much thinner bituminous surface

can be maintained without constant patching, which re-
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suits in less frequent treatments being rcquirod, and the

expense of maintenance of the surface by light bituminous

treatments on bituminous lx)und macadam roads is not

much over half of that for waterbound roads.

The bituminous macadam, however, being of a more
pl.'istic nature, is more easily displaced by swift-moving

trartic, resulting in transverse waves developing in the

body of the macadam, which are not as pleasing to ride

over as the more rigid waterbound.

\\'ith reference to the cost figures submitted herewith,

while they are the result of but one year's experience, it

would seem that the large mileage represented would
make the data of some value. This can be better appre-

ciated when it is stated that the improved highways of

New York, if laid down in a continuous line, would provide
an improved highway from Boston to San Francisco, and
from Maine to Florida, and thence to New Orleans.

^^'ith reference to the cost as expressed in units of
miles, I would state that the standard width of pavement
on our state and county highways is 16 feet, with earth
shoulders of four to eight feet on each side of the
pavement.

Referring to any statements which I have made which
are contradictory to those of some of the other speakers,
I wish to qualify my statements to the effect that they are
simply the opinion of the speaker as gained by the ob-
servation of the maintenance of some 5,600 miles of
improved highways.

As can readily be seen from the above data, the
problem of maintenance has not as yet been mastered,
but I believe, however, that the assembling in congress
and conventions of this character, of men engaged in road
work, where a free discussion of experience and ideas is

permissible, will tend to and eventually be resultant in

perfecting to a very large extent, the matter of road con-
struction and the maintenance of same, and finally reducing
it to a practical and economical basis.

THE USE OF OIL ENGINES FOR PUMPING."

By C. R. Knowles.

The Jeffrey Manufacturing Co. have opened offices at
Dallas, Texas, in the Commonwealth National Building. This
office will be in charge of F. J. U. Jones.

Several bridges in the southern part of the province of
Saskatchewan were damaged by the high water this spring.
In one or two cases the bridges were entirelv submerged so
that the ice-flow passed over, but after the water had sub-
sided it was found that the bridges had not been injured in
any way.

The Dominion Government has decided to exclude all
foreign lumber in connection with the public work carried on
by It. .^t the present time the Parliament buildings at Ottawa
are bemg rebuilt, but only Canadian lumber will go into the
new structure. .A. short time ago the Canadian Pacific Railway
issued a similar order. Both movements have been made for
the purpose of encouraging the industry in the Dominion.
Last year, although the country was at war, Canada imported
95.000,000 feet of southern pine, valued at over three million
dollars. These figures were much below the previous year,
but show^ something of the heavy importations of pine from
the United States. Practically all our hardwood has been
imported from south of the forty-ninth parallel, but according
to the new arrangement, only Canadian hardwoods will be
utilized in the public works of the Dominion, .'^t the present
time a number of important works arc going on in addition
to the rebuilding of the Parliament buildings, harbor improve-
ments are being made at Montreal, Quebec, Toronto, and in
connection with the Hudson Bay terminals. In these works
Douglas fir will take the place of Southern pine, formerly
used. For the interior decoration of cars and the wood used
in their manufacture, Canadian woods will hereafter be used.
It is said that the movement will spread and that big imple-
ment manufacturers will take it up.

—

American Forestry.

INTERNAL combustion engines using gasoline as fuel

have long been in use for railway water service. The
increased consumption of water, necessitating larger

pumps and heavier power, together with the increase

in the cost of gasoline, has made it necessary to look to a

cheaper fuel in the operation oF water stations.

In order to utilize the existing equipment many of the

gasoline engines now in service have been converted to

kerosene and distillate engines by the addition of attach-

ments for preheating the oil to or near the flashing point

before the oil enters the cylinder. These attachments

consist of generators or mixing chambers wherein the oil

is heated by the exhaust of the engine. They are made
in various sizes and types, both for throttling and for hit

and miss governors. With these attachments the engine

is generally started on gasoline and is allowed to run on
this fuel until the cylinder and generator are heated, when
the oil is cut in. On other types a retort is provided where
the oil is converted into a vapor or gas by heating the

retort with a blow torch. Either method requires from
five to ten minutes to start an engine running on oil.

Electric ignition is used, as with gasoline engines. Very
little carbon trouble is experienced with the use of these

attachments and the lubrication required is about the same
as with a gasoline engine.

A series of tests of various fuels were made, pumping
against a total head of 61 feet, with an 8 x lo-inch single

cylinder double acting pump direct connected to a 6-h.p.,

four-cycle, horizontal gasoline engine equipped to run on
kerosene and distillates as well as gasoline, controlled by

a throttling governor. This engine was one of the first

gasoline engines ever equipped to operate on low-grade
oils and has been continually operated on distillates from
36° to 32° Baume for the past six years.

The fuels used were:

Table i.

Distillate ... 40.0° Baume Flash, 150 Burn, 145

Methyl alcohol 40.5° Baume Flash and burn at room temp.
Kerosene .... 46.0° Baume Flash, 124 Burn, 170
Gasoline .... 62.0° Baume Flash and burn at room temp.
Motor spirits 58.0° Baume Flash and burn at room temp.

Efficiency Fuel Tests.
Motor

Distillate. .A.lcohol. Kerosene. Gasoline, spirits.

Pints per hour 6.0 7.0 6.0 7.0 6.0

Pounds fuel per
hour 5.145 6.062 4.943 5-373 4-755

Pounds of fuel

per h.p.h. . . 1.91 2.22 1.91 1.97 1.74

Pump, r.p.m. .. 43.35 43.32 43.54 43.72 43.79
Pumped, gal.

per min. ... 175.0 i77-8 176.8 176. S 178.

i

Cost of fuel per
gal 0.04625 0.40 o.oS o. IS 0.13

Cost fuel per
hour 0.0347 0.35 0.06 o. 1313 0.0975

Cost of fuel per
h.p.h 0.0129 0.1282 0.0220 0.0483 0.0356

Cost per 1,000

gallons .... 0.0033 0.0327 0.0056 0.0124 0.0092

Deg. Deg. Deg. Deg. Deg.
Temp, of cylinder start.. 165 90 135 46 46
Temp, of cylinder run .. 145 i45 i45 130 125

Temp, of inlet air no 125 120 60 60

As will be seen from the above figures the distillate is

the most economical of the fuels used, the cost per water

horse-power being 53 per cent, of the cost of pumping

'Presented at meeting of Illinois Section of the .'Vmerican

Water Works .Association.
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with kerosene, an<J only 27 per cent, of the cost of pump-

ing with g-asoline. The high cost of alcohol eliminates it

as a fuel for pumping water and the result of the test is

merely submitted as a comparative feature. No doubt

better results could have been obtained by reducing the

area of the combustion chamber as more compression is

required to secure economical results from the use of

alcohol in internal combustion engines. The power ob-

tained from the use of kerosene was practically the same

as from the distillate, the only difference being in the price

of the two fuels. The gasoline test shows such results as

might be obtained from the average gasoline engine under

the same conditions. The fuel known as motor spirits,

which has been widely advertised as a substitute for

gasoline, operates under practically the same conditions

as gasoline. An objectionable feature of this oil is a dis-

agreeable odor, and it would perhaps be undesirable to

use in certain localities.

A i2-h.p., four-cycle gasoline engine with a hit and

miss governor pulling a 7J'2 x 30-inch working barrel in

a deep well was equipped w-ith a generator for burning

low-grade oils. Comparative tests showed that the engine

consumed the same amount of 39 degrees distillate per

horse-power hour as gasoline. The difference in the cost

of the two fuels, however, showing a saving of $.0434 per

horse-power hour in the use of the distillate. The cost of

pumping water at this point is comparatively high, due to

the fact that the water is pumped with a single acting deep
well cylinder.

The tabulated results obtained follow:

Table 2.

Gasoline. Distillate.

Pints per hour 14.0 14.0
Pounds of fuel per hour 11.746 12.005
Pounds fuel per h.p.h 3-458 3.53
Pump, revolutions per minute 24.0 24.0
Pumped, gallons per minute 124.0 124.0
Cost fuel per grallon 0.125 0.04625
Cost of fuel per hour 21.875 8.093
Cost fuel per h.p.h . 0.0643 o.o2og
Cost per 100 gallons water o.oo2g 0.0108

The heavy oil engine is a comparatively recent de-

velopment and is being extensively used in railway water
stations, as well as for other service. The most popular
engine of this type is the two^ycle oil engine constructed
in units of 50 h.p. and under, using heavy oil as fuel. This

type of engine is very often confused with high com-
pression engines operating on the Diesel principle or with

the converted gasoline engine using kerosene and distil-

lates through a carburetor or mixing valve.

The cycle of operation of the Diesel engine is to com-
press air to 450 or 500 pounds per square inch, generating

a temperature of approximately 540° C. Into this highly

heated air the fuel is injected during the return or second

stroke of the piston in a finely atomized form at such a

rate as will maintain a constant temperature while burning
and in such quantity as will do the required work for each
stroke. The expanded gases of combustion are forced out

of the cylinder during the third stroke, while the fourth

stroke draws fresh air into the cylinder. This is the

sequence of events in a four-cycle engine.

By expelling the burned gases with fresh air the

necessary functions can be performed in two strokes of

the piston, producing the so-called two-cycle engine.

The above-mentioned engine should not, however, be

confused with the tw-o-cycle oil engine as used in railway

and other pumping stations and termed the Semi-Diesel

engine. In order to avoid the high compression pressure

and the resulting complication of design necessary in the

Diesel engine this so-called Semi-Diesel engine has been

devised, which does not compress the air sufficiently to

raise the temperature to such a point that it will spon-

taneously ignite the injected fuel. It is this type of engine

which we have to deal with, particularly with the two-

cycle, valveless injection engine, in which the compression
has been reduced, adding the required temperature in a

heated combustion chamber. This engine is governed by
throttling the oil supply and ignition is accomplished by

means of a hollow ball. This ball is heated by a blow
torch before starting, but after the engine is running the

heat is maintained by the successive explosions. The fuel

is introduced through fuel valves similar to the Diesel

engine, but much less compression of air is required, the

compression of the Semi-Diesel engines being from 80 to

130 pounds. Crank case compression is 1% to 3 '4

pounds.

Although these engines have a theoretically less ef-

ficient heat cycle than the Diesel they gain in simplicity

of construction.

Intelligent lubrication is essential to the proper opera-

tion of the oil engine. Improper lubrication contributes

largely to oil engine trouble. The high speeds and tem-

perature at which these engines work necessitate a con-

tinuous and skilful use of good oil. A great deal depends

upon the proper lubrication of an engine of this type and

the prevention of the carbon forming in the cylinder. The
destruction of the lubricating oil by combustion cannot be

prevented. Just what occurs to the oil in an internal com-

bustion engine cannot be entirely explained, but there is

no doubt that a great deal of it is burned along* with the

fuel oil and as long as this is true it is necessary that

complete combustion takes place, in order that a residue

of unburnt oil is not left in the cylinder in the form of

carbon.

The lubrication of the steam engine or pump is com-

paratively simple. In steam engines there is a certain

amount of moisture to assist lubrication, but the flames of

an oil engine dry the internal surfaces and unless the

proper amount of oil is applied, the cylinder, piston and

rings soon begin to suffer. In a steam engine or pump
the temperature will at the most reach about 500 degrees

while in an oil engine it rises to as high as 2,500 degrees.

Added to this is the fact that the piston speed of an in-

ternal combustion engine is from- three to four times that

of a steam engine or pump. Consequently the oil engine

requires a different method of lubrication and a great deal

more of it.

Engines of this type are liable to suffer from carbon

trouble and resultant deterioration due to the fact that an

excess of oil injected into the cylinder breaks up into

volatile compounds, such as the naphthas, heavy tar-like

oils and free carbon.

Overloading the engine also will cause carbon trouble.

When the engine is working up to its maximum power,

a momentary overload will cause an excess of oil, and the

resultant accumulation of carbon due to the fact that the

oil engine is not flexible enough to adjust itself instantly

to the varying loads, as does a steam engine or pump.
The carbon troubles may be reduced to the minimum

by the use of the proper oil. Fuel oils vary in quality as

do hard and soft coal and even to a greater extent. As a

result, some oils are better suited for use in oil engines

than others. While it is possible to burn almost any oil

that will flow freely, the best results are to be obtained

from oils of a paraffin base from 30° to 36° Baume.
A number of tests were conducted on a 25-h.p. oil

engine with a 10 x 14-inch cylinder belted to a 10 x 12-

inch duplex power pump, using seven different kinds of

oil, ranging from a heavy fuel oil of an asphalt base to a



678 THE CANADIAN ENGINEER Voliiine 30.

light distillate of a parafiin base. A biiff description of

the oils used follows :

No. 1. Diesel fuel oil, 26° Baiime, made from
asphaltum base crudes from Texas and Louisiana fields.

No. 2. Gulf fuel oil, 24*^ Baumd, made from asphal-

tum base crudes from Oklahoma fields.

No. 3. Narico distillate, 39° Baum^, made from
semi-parafTin base mid-continent crudes.

No. 4. Motor oil, 42° Baume, made from paraffin

base crudes from Cushini; Oklahoma fields.

No. 5. Navy fuel oil, 26" Baumd, made from asphal-

tum base crudes from Texas and Oklahoma fields.

No. 6. No. I fuel oil, 32° Baumd, a non-sulphur oil

paraffin base from Illinois crudes.

No. 7. Kentucky crude oil, 32.5° Baurn^, paraffin

base.

The following table gives the results obtained from
the use of the above oils. The costs given cover the fuel

only

:

Table 3.

I 2 3 4 5 6 7

2-29 2.0< I 88 2 19 2.00 2 10

17.33 14 07 12.20 16,38 14.40 15 07

Gallons of oil

used per hour 1.51
Pounds of oil

used per hour 11.30
Pounds of oil

usedperw.h.p. 1.02
Engine r p.m. ... 346.0
Pump r.p m 40
Gallons pumped
per minute 444.0 603.0 583

Cost of oil per
gallon 0.029 0.029 031

Cost of oil per
hour... 044 066 063

Cost per 1000
gallons O.OOIS 0.0019 0.0022

1.12 0.98 0.80 1.01 0.96 85
337.0 34,'i.O 345 342.0 338.0 3280
39.0 40 40.0 40 39.0 38.0

592.0 586.0 580 577.0

0.03 0029 0.025 0.016

1)056 0.063 0.05 035

0.0016 0.0018 0.0015 0.0009

^^ hile these tests are not conclusive, they indicate the
wide range of fuels it is possible to burn in these engines.

The following tables give the result of tests conducted
in pumping with 4-inch centrifugal pumps using two-
cycle Semi-Diesel oil engines for power, one pump being
driven by a 25-h.p. horizontal engine and the other by a
25-h.p. vertical engine, both pumps being belt-driven.

Table 4 gives the result of one hour's run, while Table
5 gives the hours run and cost for a period of four months
for each engine.

Tables 6 and 7 show the results obtained in pumping
with a 25-h.p., horizontal, two-cycle, heavy-oil engine
belted to a 10 x 12-inch double acting duplex power pump
and a 30-h.p. vertical two-cycle heavy-oil engine belted
to a II X 12-inch single acting triplex power pump.

T.ABLE 4.

Test One Hour's Run.

Horizontal Vertical

engine. engine.
R.p.m. engine 315.0 380.0
R. p.m. pump 1587.0 1320.0
Gallons pumped per minute 571.0 571.0
Total head in feet 77.38 79.69
Fuel oil consumed in gallons 2.25 2.65
Water horse power 11. 15 11.

5

Brake horse power 21.4 22.1
Cost fuel oil per million gallons .. $1.67 $1-97
Cost of fuel oil per gallon 0.0253 0.0253
Cost per h.p.h 0.0026 0.0030

T.ABLE 5.

Cost of Fuel and Lubricants Four Months' Run each Engine.

Horizontal Vertical
engine. engine.

Total number of hours run 331 316
Gallons water pumped 9,930,000 0,480,000
Cost of kerosene $ 3.78 $ 1.50
Cost of fuel oil I'g.oi 18.47
Cost of lubricants g.20 10.20

r.\HLii fa.

Test One Hour's Run.

Duplex pump Iriplcx

horizontal pump vertical

engine. engine.
R.p.m. engine 342 396
R.p.m. pump 40 44
Gallons pumped per minute 586 640
Total head in feet 104 106
Fuel oil consumed in gallons 2.19 2.70
Water horse power 15.33 •7-5

Brake horse power 20.44 -3-33
Cost fuel oil per millions gallons

pumped $1.80 $2.00
Cost fuel oil per gallon 0.029 0.029
Cost per h.p.h 0.0031 0.033

Table 7.

Cost of Fuel and Lubricants Four Months' Fun each Engine.

Duplex pump Triplex
horizontal pump vertical

engine. engine.
Total number of hours run 687 677
Gallons water pumped 24,732,000 24,372,000
Cost of kerosene $ 8.52 $ 9.78
Cost of fuel oil 26.26 31.37
Cost of lubricants 17. 10 22.04
Total cost 51.88 63.19

Cost per million gallons $ 2.09 $ 2.54

Table 6 giving the results for one hour's run and Table

7 cost for a period of four months for each engine.

.\lthough the oil engine cannot yet be considered as

fully developed, it has passed the experimental stage, and
while it is, perhaps, not as reliable under all conditions

as a steam engine or pump, much of the prejudice against

the oil engine is undoubtedly due to lack of experience in

handling. With the present imperfect knowledge of what
the engine is capable of doing and of what particular oils

may be burned in it, one cannot speak conclusively, but
there is no doubt that the future of the engine is assured.

INCREASING MINERAL OUTPUT,

„ $.30.99
l^ost per 1,000,000 gallons 3.12

$30.17
3.i8

The war has given a marked stimulus to the demand for

Canadian minerals. The returns of mineral production, as
tabulated by the Ontario bureau of mines, during the first

three months of igi6 show increases in that province in all

products with the exception of iron ore. The Ontario figures
are typical of activity in all our mining districts. They are

taken as an example, being the most up-to-date returns, a
matter upon which the Ontario bureau of mines is to be
complimented. The value of the production in the province
for the first three months of IQ16 was $14,276,382 as compared
with $9,358,210 for the corresponding period of last year.

This large increase was due not only to the greater output
but to the higher prices now prevailing for most of the

metals.

There was an increase of 31,511 ounces in the yield of

gold, a gain worth $656,000. The porcupine camp provided
the bulk of the production for the quarter, namely, 99,282
ounces. The prospects are for considerable development in

that camp. .A.n increase occurred in the production of silver

as compared with the first three months of 1915 and the value
of the product was greater, due to the rise in the price of

silver. The benefit of the higher price will be felt still more
in the Cobalt camp during the second quarter of the year.

The output at the Sudbury mines of nickel and copper in the
matte was 50 per cent, greater than for the corresponding
period of 191 5. The blast furnaces of Ontario produced 70
per cent, more pig iron than they did in the first quarter of

1915 and the product was worth 100 per cent. more.

Greater mineral production is having a favorable effect

upon the trade statistics. Exports of minerals for the fiscal

year 1914 totalled .? 50.000,000. In 1915, they dropped to $51,-

740,000 but for the twelve months ended March 31st, 1916,

they amounted to $66,589,000.
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TEMPERATURE STRESSES IN A SERIES OF CON-
CRETE GIRDER SPANS UNDER DIFFERENT

CONDITIONS OF END SUPPORT."

TliE following summary of the results of an investi-

gation made to determine the most favorable

arrangement, to resist temperature stresses, of a

series of concrete girder spans supported on con-

crete piers, is of interest and value. In our summary we
ha\e omitted the derivation of general formulas :

The investigation was made in connection with the

design of a viaduct over the tracks of the St. Louis, Iron

Mountain & Southern Railroad at Little Rock, Arkansas.

The design finallv agreed upon consists of a series of six

simple girder spans, the outer girders of which have some-
what the appearance of arches. The three east spans are

each composed of eight steel girders covered and decked
with reinforced concrete, while the three west spans are

each composed of eight reinforced concrete girders with
an integral reinforced concrete deck. All spans are sup-

f)orted on solid concrete piers, 3 ft. wide at the coping.

Although the piers are similar in design they have dif-

ferent angles of skew, and therefore different degrees of

stiffness in the line of the viaduct. The concrete spans,
which alone will be considered here, are approximately of

constant section except as to the amount of reinforcement.

pendicular to the axis of the bridge are given in Table I.

The heights of the piers (shown in Fig. i) are in each
case given from the base to the neutral plane of the spans.
Although these heights vary somewhat they are assumed
ec|ual in the investigation.

The problem arose from the proposal to build the

three concrete spans integral with the piers and abutments,
I.e., without provision for changes in length due to tem-
perature and shrinkage. It is evident that the piers offer

resistance to the free expansion or contraction of the spans
which they support, and hence must introtluce correspond-
ing stresses. If these stresses are not negligible, and if

expansion must be provided for, the problem is to deter-

mine how many expansion joints are necessary, and where
they should be placed.

The results summarized in Table II. were obtained
for a change of 40" F. by the method of least work and
the Castigliano theorem for one, two, and three spans of

variable stiffness and inelastic abutments, the following

cases being considered :

Case II. The three concrete spans monolithic, sup-
ported without friction on piers 3 and 4 and fixed with
frictionless pins on pier 5 and the west abutment. (See

Fig. I.)

Case III. Spans supported without friction on the

abutment and pier 3 and fixed on piers 4 and 5.

/\ 7\ Girders-;'%^^
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iFig. 1.—Sketch Showing Genera! Features of Design of Viaduct Over Tracks of St. Louis, Iron Mountain &
Southern Railroad at Little Rock, Ark.

Fig. I shows diagrammatically the general conditions of

design. The outer or sidewalk girders of the concrete
spans are continuous over the two intermediate piers ; the

Table I.— Data on Concrete Spans and Piers.

Average Assumed
Girder

span.

6 ..

5 •
•

4 .,

*Area,

sq. ins.

14.300

13,960

13,960

span,

ins.

600

536
480

tMoment of Width,
inertia, I.

509,201,000

752.342,100

1.090,534,000

ms.

230

275

327

height.

Pier. ins.

5 480

4 480

3 480

*Including steel in terms of concrete,

tl = l.\ sin" L + IB cos" L, in which L = angle

between axis of pier and axis of I (perpendicular to viaduct

axis), l.\ = moment of inertia of pier about its short axis,

and IB = moment of inertia about its long axis.

E = 3,000,000 : temperature range, 40° F. ; coefficient

of expansion, 0.0000055.

other six girders of each span are not. The areas of steel

and concrete in the several spans and the respective

average moments of inertia of the piers about axes per-

*Summary of paper by Tresham D. Gregg, in Proceed-
ings, .\merican Society of Civil Engineers, Vol. XLIL, p. 213.

Case IV. Spans supported without friction on pier

3 and fixed on piers 4 and 5 and on the abutment.

Case V. Spans supported without friction on the

abutment and fixed on piers 3, 4 and 5.

Case VI. Spans fixed on all four supports.

By referring to Table II. it will be noted that there

are given the average unit stress in each of the three

spans and the unit bending stress in each pier for each of

the five cases assumed.

The arrangement for Case \'I. causes severe stresses

in all three spans and in piers 3 and 4. In the spans the

stresses are increased from 72 to 92 per cent, of the allow-

able, and the bending stresses caused in the piers are

from 21 to 143 per cent, of the allowable, assuming the

piers to be of 6oo-lb. concrete. It will be noted that the

stresses in the spans decrease as those in the piers

increase.

For Case IV., with an expansion joint at pier 3, the

temperature stresses in span 4 and in pier 3 are reduced

to zero ; those in spans 5 and 6 are reduced ; and the bend-

ing stresses in piers 4 and 5, lacking the strong support

of pier 3, are increased, pier 4 being stressed to 182 per

cent, of the allowable.
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If, instead of placing a joint at pier 3, we place one

at llie alnitnicnt, as in Case \'., the stresses in the spans

are still further tlecreasetl, as are the bending stresses in

piers 3 and 4. Pier 5, however, takes a heavy increase

in stress to ij6 per cent, of the allowable unit concrete

stress.

Now, if we place expansion joints at both the abut-

ment and at pier 3, as in Case III., we have the most
favorable of the five cases considered. The stress in span

5 is only 27 per cent, of the allowable, but the stresses in

the piers are 65 and 80 per cent, of the allowable ; they can
be neglected, however, as the direct stress is small.

For Case II. the stress in span 6 is 40 per cent, and
in span 5, 125 percent, of the allowable unit stress.

Table II.—Average Unit Stresses in Spans and Unit
Bending Stresses in Piers for Various

Assumed Conditions.

RESULTS 01 FIRST YF.ARS KXPERIMHNTS WITH
SMALL SHVVAGi; TREATMENT PLANTS BY

U.S. PUBLIC HEALTH SERVICE.*

Case
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1

Volume of Settling Chamber.— Iht; volume ol the

settling chamber determuies the detention period. If the

detention period be made too short, the seltleable solids

w ill be incompletely removed, and if too long, the sewage
will become septic. In the United States the settling

chamber for large Imhoff tanks is usually made equivalent

to I '9 the daily flow, which is equivalent to a mean de-

tention period of 2.6 hours. It was not considered

advisable to design the settling chamber for a small tank

on this basis on account of the wider variations of flow.

It was estimated that the variations in flow might be

proprerly allowed for by assuming the daily flow to take

place in 12 hours and by giving a detention period on
this basis of three hours ; in other words, by making the

settling chamber equal in volume to one-quarter the daily

flow, which is equivalent to a mean detention period of

6 hours instead of 2.6 hours, as in the large plants. It

was decided to risk the possible danger of making the

effluent septic.

Relative Proportions of Settling Chamber.—The
volume of the settling chamber is not alone responsible

for the degree of removal of settleable solids. The
chamber must neither be made so short and wide as to

result in short-circuiting through local currents, nor so

long and narrow as to approach the proportions of a

channel, in which case swirling velocities will occur and

hinder sedimentation. The proportions selected must
dep)end largely upon experience, and while considerable

experience is available for large plants, this is not so true

of small plants. However, the dimensions of the experi-

mental tanks were arbitrarily placed within the range of

large-scale experience. The proportions of length, width,

and depth were for the Hygienic Laboratory tank 8:3:5,
and for the Chevy Chase tank, 11:1.7:3.

Inclination of Partition Walls.—The inclination of the

partition walls separating the settling chamber from the

sludge chamber was made 2.6 vertical to i horizontal in

the Hygienic Laboratory tank and 1.5:1 in the Chevy
Chase tank. In small plants steepness of partition walls

is even more important than in large plants, because in

the latter the attendant may generally be relied upon to

squeegee the inner surfaces if the accumulated sludge

refuses to slide properly towards the slot, whereas in the

former no such attendance can be expected. It was for

this reason that it was decided to try different inclinations.

Slot Clearance and Overlap.—In large tanks the

clearance of the communicating slot is generally made
from 6 to 8 ins., while the overlap is generallv made about

8 ins. This becomes a very serious matter for small plants.

With a partition inclination of 1.5 : i an 8-in. slot clearance
and an 8-in. overlap mean roughly about 2 ft. 3 in. vertical

distance between the lower edges of the two partitions,

which is a considerable proportion of a total depth of lo
or 12 ft., and deducts that much from the sludge capacity.
It .was decided to reduce the slot clearance arbitrarily to

5 ins. and the slot overlap to 6 ins. There is some ques-
tion whether a small tank really needs so large a slot

clearance, as it seems likely that the slot cloggings vi'hich

occur in Imhoff tanks are often caused by the fact that

the passage of settled sludge through the slot is not con-
tinuous, but intermittent. The sludge particles may be
conceived as accumulating upon the inclined surfaces until

the sliding thickness is reached, when the mass will

begin to slide and pass rather suddenly towards the slot,

perhaps developing one or more folds in the region of the
slot. The clearance of the slot must be sufficient to pass
these sliding sheets. The thickness of these sliding sheets
and the extent to which they will fold upon themselves

will depend upon the inclination and length of the surfaces
upon which they develop. Since the length of these in-

clined surfaces will naturally be less as the size of the tank
diminishes, it seems logical to reduce the slot clearance
accordingly.

Grease Chamber.—On account of the tendency of
grease in fresh sewage to mix with fecal and other solid

matters, and to cause the whole mass to float and become
sufticiently dry to prevent decomposition, it was decided to
place a horizontal screen at the water level in the first

compartment of the settling chamber. This would keep
the floating solids submerged, and allow them to beconre
waterlogged and sink to the bottom. The mixing caused
by the incoming sewage would also tend to separate the
grease from the other solids. The introduction of this
horizontal screen has apparently been successful. There
have never been more than 2 ins. of grease under the
screen in the Chevy Chase tank and at the Hygienic
Laboratory the material which has collected, while more
voluminous, has been found to be almost pure grease, the
removal of which was not at all objectionable.

Gas Vents.—Gas vents were provided on either side
of the settling chambers. At the Hygienic Laboratory
their total area is 8 sq. ft. and at Chevy Chase 40 sq. ft.

Sludge Capacity and Depth of Tanks.—Sludge
capacity was provided for about 2 cu. ft. per person at the
Hygienic Laboratory tank and 4 cu. ft. at the Chevy Chase
tank. After providing the necessary settling chamber and
sludge room capacities the total depth of the Imhoff tank
at the Hygienic Laboratory was 10 ft., and at Chevy
Chase 12 ft.

Sludge Removal and Disposal—No permanent sludge
pipe was included in the experimental tanks. Instead it

was decided that when sludge was to be removed an
ordmary bilge or trench pump would be used. No special
provision was made for the disposal of the sludge, for the
possibility was anticipated that for most small plants
shallow trench disposal could be used. A relatively small
area would be required.

Scum Boards.—One scum board was provided at the
influent end and one at the effluent end of the settling
chamber. The penetration below minimum water level of
the first scum board was made 3 ft. because it was to
serve also as one wall of the grease chamber. The pene-
tration of the effluent scum board was made 2 ft., which
was later found to be excessive.

Covers.—The tanks were provided with covers as a
safety feature, as a possible preventive of odors, and to
keep the grease and scum from drying.

Sand Bed and Dosing Chamber: Function.—The func-
tion of the sand bed is to satisfy as much as possible of
the oxygen demand of the non-settleable organic sub-
stances in the sewage, and thereby to deliver an effluent

which will not cause nuisance and which will remove part
of the burden of possible water purification plants. The
function of the dosing chamber is to control the manner
of the application of the settled sewage upon the sand
bed in such a way as best to promote the activity of the
oxidizing organisms.

General Description.—The experimental sand bed as
designed for the Hygienic Laboratory plant consisted of
a layer of sand 2 ft. deep and 7x12 ft. in area, resting

upon a drainage layer of gravel 6 ins. deep. The effective

size of the sand was 0.24 mm. The dosing chamber was
3 ft. in diameter and contained a 3-in. Miller sewage siphon
of 15-in. draw. Each dose from the dosing chamber
discharged a layer of sewage upon the sand bed about
0.1 ft. in depth.
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Experimental Results.

Imhoff Tank. Removal of Settleable Solids.—The
:i\i'r;ii;e total solids in llu- raw scwayi- applied to ihe

llvijienic Laboratory ImlioH tank for three months was
1,000 p.p.m. For the same period the average total solids

in the tank effluent were 330 p.p.m. The total solids

settled out by the tank were therefore 670 p.p.m. The
average settleable solids in the tank effluent were 14

p.p.m. Hence the total settleable solids in the raw
sewage were 684 p.p.m. and qS per cent, of the settleable

solids were therefore removetl by tlie tank.

Volume of Sludge per Person.—The experimental

tanks ha\e not In'en ojierated for a sullicient length of

time to justify definite conclusions as to the volume of

sludge received. Our records to date indicate a probable

rate of 2.6 cu. ft. per person per year at one plant and 4
cu. ft. at the other. This indicates a possible range of

variation which may be expected in small tanks, ap-

parentlv similar.

Condition of the Sludge.—The digested sludge is black

in color, has the characteristic Imhoff sludge odor, streaks

very quickly in a porcelain dish, showing that it has lost

its stickiness and waterholding power, but has a relatively

high moisture content, generally about 95 per cent. It

is probable that the high moisture content is due to the

shallowness of the sludge layer. Sufficient sludge has

not accumulated as yet to justify drying experiments. Its

appearance, however, indicates that there w-ill probably be

no diflficultv in doing this without nuisance.

Freshness of Effluent.—The mean detention period in

the Hvgienic Laboratorv tank is about five hours instead

of six hours, as the flow has been somewhat higher than

was expected. At Chevy Chase it is about six hours.

These are higher values than those employed in large

tanks, but the effluent has practically never been septic

and has had at all times the odor of fresh sewage. It

seems likely, therefore, that where sewage is settled so

close to the source as is usually the case with small tanks,

a mean detention of five or six hours will not render it

septic or foul-smelling.

Scum and Foaming.—Both heavy scum formation and
foaming occurred in the operation of the tanks. The most
significant run on the Hygienic Laboratory tank began on
November 19, 1914. Scum commenced to form almost

immediately in the side vents and apparently continued

increasing in thickness until July 5, 1915, with relatively

little sludge being deposited in the sludge chamber. The
scum was yellowish-gray, except the top quarter inch,

which was black. L'nless the scum was stirred no odor
could be perceived outside the tank, even if the covers

were removed. Upon spading or stirring, however, a dis-

tinct fecal odor could be noticed. At this time a sudden
change took place and nearlv all of the yellowish-gray

scum changed to gray foam and began to boil over the

top of the tank. Spading the scum caused it to deflate

and collapse, but it soon became necessary to spade the

scum twice a day in order to prevent it from foaming over.

Finally, on July 13 and 14, some of the foam was removed
and buried, in amount about 21 cu. ft., or somewhat less

than I cu. ft. per person. It was impossible to determine
what proportion this was of the total scum and foam
present. From then until now, four months later, no
further foaming has been observed. The. scum is now
entirely different, consisting mostly of seeds, grease, bits

of cloth, and other not easily decomposable substances.
It cannot be said, therefore, that difficulties with scum
and foaming have occurred to a serious degree, since the
foaming-over period at the Hygienic Laboratory lasted

only aljout 10 days, and this could prob.ibiy lia\e been
prevented by an earlier removal of the scum or by the
provision of larger gas vents.

Sand Bed.—.\s above stated, the sand bed design in-

tended a sand depth of 2 ft., but on account of cxsmpacting

the depth decreased to 18 ins. after a few doses had l^een

applied. The results, however, were so good that it was
decided not to increase the depth, but to determine the

purifying power of 18 ins. The rate of dosing was about
200,000 gal. per acre per day. For the month of October,

1914, the average dissolved oxygen present in the effluent

was 5.4 p.p.m., the average 24-hour 20° C. oxygen dei'nand

was 2.2 p.p.m. and the relative stability over 90 per cent.,

corresponding to a time of decolorization of methylene
blue of o\er 10 days. During the following winter much
dillicully was experienced with the sand bed and frequent

rakings and spadings were necessary. The bed was pro-

vided with tongue-and-groove covers, and while these pre-

vented the formati<in of ice the frequent clogging did not

diminish. More attention had to be given than can be
reasonably relied upon for small plants. For some reason

the depth of sand decreased during the winter and spring

to about 15 ins. It seems probable that the frequent deep
spadings caused some of the sand to pass down into the

gravel layer. From November, 1914, to May, 1915, the

average dissolved oxygen was 5.7 p.p.m., and the average
oxygen demand 14.4 p.p.m. This included a period from
April 7 to 30 when the dissolved oxygen was 2.6 p.p.m.
and the average oxvgen demand was 33.8 p.p.m. On
May 15 green growths appeared quite copiously on the

sand surface and continued forming until June 19. Several

rakings w"ere necessary during this time. From June 19

until October 4 no further rakings were necessary, and
during this time weeds grew- in abundance on the bed,

but did not visibly increase the time of passage of a dose,

which was generally about 15 to 20 minutes. Occasionally

there seemed to be some evidence that short-circuiting was
taking place through the 15-in. sand layer, but we were
not able to establish direct evidence of this at any time.

During the three months of July, .\ugust and September
of the past summer, the net rate of dosage was 190,000

gal. per acre per day, the influent had no dissolved

oxygen, demand, and no nitrates, while the effluent con-

tained 2.2 p.p.m. dissolved oxygen, 12 p.p.m. of oxygen
demand and 8 p.p.m. of nitrates.

Conclusions.—Our experience thus far justifies the

following tentative conclusions :

(i) It is possible by means of a five-hour mean deten-

tion period in a properly designed Imhoff tank to remove
from the raw sewage of small communities 98 per cent,

of the settleable solids without producing a nuisance.

(2) A mean detention period of six hours, based on
the average daily flow, will not cause the sewage to be-

come septic or foul-smelling if it is fresh when it enters

the tank.

(3) The accumulation of a disr.greeable mass of
grease and fecal matters in the first compartment of the
settling chamber may be prevented by the introduction of

a horizontal coarse mesh screen at the water level of this

chamber. The .screen keeps the floating matters sub-
merged and apparently results in all fecal matter sooner
or later becoming waterlogged and sinking through the

skit into the sludge chamber.

(4) It is too soon to state with conviction the amount
of digested sludge that may be expected from small-scale
tanks, but one tank indicates an apparent accumulation
of 2.6 cu. ft. per year per person and another tank 4 cu. ft.

(5) The only period during which the Imhoff tanks
required daily attention was the foaming period, which
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lasted about 10 days, and during which time some of the

foam had to be removed and buried. At all other times

attention once a month at the most was ample.

(6) Since the foaming period has been passed the

scum formation has been slight.

(7) The decomposed sludge obtained from the small-

scale Imhoff tanks resembled that obtained in large tanks

except that it had a much higher moisture content. This

may perhaps be explained hv the shallowness of the sludge

layer.

(8) A 15-in. sand bed dosed with settled sewage at a

net rate of 190,000 gal. per acre per day during the second

summer reduced an average oxygen demand of 63 p. p.m.

to 12 p. p.m. {24-hour 20° C). This is probably ample

purification for manj' cases, but insufficient for others.

(9) The sand bed required very little attention during

the summer months, but what would seem to be a pro-

hibitive amount of attention during the winter months,
even though covered with a tongue-and-groove wooden
cover.

(lol Xo nuisance was produced during the summer
months by the dosing of the uncovered sand bed with the

Imhoff tank effluent.

(11) The growth of weeds on the sand surface did not

seem to have an unfavorable effect upon the operation of

the sand bed.

In General.—The foregoing work has indicated the

desirability of continuing the experiments upon Imhoff

tanks in order to confirm the past satisfactory results, and
the desirability of continuing the experiments upon sand

beds in order to improve only fairly satisfactory results.

Further experiments will be made upon deeper sand beds

at lower rates of dosing.

The work has been done under the general direction

of Prof. Earle B. Phelps. The analytical work was done
by Sanitary Bacteriologist H. L. Shoub. The writer, with
Sanitary Bacteriologist C. P. Rhynus as assistant, was
in immediate charge.

TREATRD WOOD BLOCK FLOORING."

By C. H. Teesdale,
.A.sst. Engineer, Forest Products Laboratory, Madison, Wis.

The Canadian Railway Club, Inc., Montreal, has elected

the following- officers for the season 1Q16-17: President, R.
M. Hannaford, .\ssist. Chief Engineer, Montreal Tramways
Co., Montreal; ist vice-president, G. E. Smart, Canadian Gov-
ernment Railways, Moncton, N.B. ; 2nd vice-president, Prof.

Keay, McGill University, Montreal ; secretary, Jas. Powell,
Chief Draughtsman, G.T.R., Montreal; treasurer, W. H.
Stewart, Imperial Munitions Board, Ottawa; executive com-
mittee, T. C. Hudson, Master Mechanic, C.N.Q. Railway,
Joliette, Que.: E. E. Lloyd, C.P.R., Montreal; J, Hendry,
Master Car Builder, G.T.R., Montreal; C. Manning, Secretary

to Superintendent of Motive Power, G.T.R., Montreal; C.

W. Van Buren. General Master Car Builder. C.P.R., Mont-
real ; and W. H. Winterrowd, .Assist, to Chief Mechanical En-
gineer, C.P.R., Montreal.

The largest combination of weight and size ever handled
on one freight car by an .American railway has been started

on a journey to Joplin, Mo., from the yards of the Pennsyl-
vania road at Greenville, N.J. This record-breaking load

consisted of the generator for an 8,000 kilowatt turbine, pur-

chased by Henry L. Doherty & Co. from the Brooklyn Edison
Company. The generator is in one piece, weighs 160,000

pounds, and as measured by the railroad from the surface

of the rails to the top of the machine stands 15 feet 7%
inches in height. Because of this extreme height the railroad

was forced to lay out a special itinerar>' of detouring so that

no tunnels or other possible clearance obstacles would be
encountered on the run from New York to St. Louis, It is

thought St. Louis will be reached in about six weeks, and
then another journey must be taken to Joplin, where the
generator will be installed at the plant of the Empire Dis-
trict Electric Company, a subsidiary of Cities Service
Company.

SINCE igoo there has been a steady and rapid increase

in the use of creosoted wood blocks for paving the

streets of our cities. A more recent development has
been their adoption for a variety of uses other than

street paving. Those qualities which make the wood
block desirable for street work should also make it de-

sirable for flooring where heavy trucking, the moving of

heavy machinery, etc., make the maintenance of floors a

serious problem.

Letters were written to those plants manufacturing
creosoted wood blocks requesting data on their methods
of manufacturing and construction. Not many of the

treating plants have as yet produced very much of this

product. Reports were received from 13 commercial
plants and one railroad plant.

Eleven of the plants reported the use of southern
yellow or longleaf pine. Five plants also recommended
eastern tamarack as being satisfactory, and the three

western plants recommended Douglas fir; black gum,
beech, Norway pine, maple, hemlock, and western larch

were recommended by one plant each.

Several of the plants, particularly those producing the

largest quantity of this material, pointed out that the wood
block flooring problem naturally divides itself into two
classes :--

(a) Blocks used in very dry situations, as in factories

and warehouses.

(b) Those used in alternately wet and dry, or in wet
situations, as in stable floors, docks, wharves, slaughter
houses, etc., where the blocks are exposed to the weather,
to flushing with water, etc.

The treatment and method of handling the blocks
differs radically in the two cases. Eight of the 13 plants

reported in favor of using a distillate creosote oil. Three
plants recommended paving oil similar to that quite gen-
erally used for wood block street paving. One recom-
mended water-gas-tar ; one carbolineum ; one a mixture
of half water-gas-tar and half zinc chloride solution ; and
one a mixture of half water-gas-tar and half coal-tar
creosote. The last mentioned product was, however,
recommended only for wet situations, this plant recom-
mending creosote injected by the Rueping process for dry
situations. The consensus of opinion was to use a distillate

creosote, especially for dry situations, and a heavier paving
oil for wet conditions.

In general, the plants w-ere not very specific as to the
absorption of preservative that they recommended for the
two classes of blocks. The inference to be drawn, how-
ever, was that comparatively light absorptions (from 5 to

8 or 10 lbs. per cubic foot) would prove satisfactory for

dry situations. Heavier absorptions, ranging from 8 to
16 lbs. per cubic foot, were recommended for alternately

wet and dry or for wet situations. In general, the absorp-
tion to be given would appear to depend to a considerable
extent upon the conditions met with in each individual

problem, the more severe conditions especially as to the
chance of the water coming in contact with the blocks,

requiring heavier absorptions of oil. In the case of plants
recommending paving oil and water-gas-tar, heavier ab-
sorptions were specified than when creosote was recom-
mended.

*.'\.bstract of paper read before the .American Wood Pre-
servers' .Association.
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Letters were written to a large miiiiber of users of

wood block tlooring, to obtain information on the character

of the Ifoors boing laid and the results obtained. One
hundred and sixty replies were received, .\bout 75% of

the replies describe floors laid in 1912 or later, while only

three records were received of floors laid prior to 1909.

This indicates the comparatively recent development of

this type of flooring. For this reason, also, the time of

service of these floors has been so short that not much in-

formation can be given upon durability.

The depth of block used varied from 2 to 6 ins., but

3-in. was used in 50% of the floors concerning which re-

plies were received. Southern yellow pine was used in

72% of the cases, while 15% did not reply to the question,

the remaining 13% being divided between eight other

species of wood.

Concrete foundation was reported in 80% of the re-

plies, the remainder being plank, dirt, tamped earth, etc.,

or not answering the question. Seventy-one per cent,

reported the use of sand cushion, 12% cement grout

cushion, and 3% bituminous cushions. Bituminous fillers

were reported by 44%, and sand by 25%. Thirty-nine per

cent, reported that expansion joints were used, while 41%
did not use them, and 20% did not reply to the question.

Summing up, the general practice was to use 3-in.

southern yellow pine blocks treated with 15 lbs. or more

of creosote per cubic foot by the Bethell process. These

were laid with a concrete foundation, sand cushion, bitu-

minous filler, and the question of using expansion joints

depended on the local conditions in each case.

Repairs have been reported in 32% of the records,

while 62% reported no repairs. In most cases the repairs

made were of a minor character, and as a rule, were

caused by swelling or shrinking of the wood. In a few

cases blocks were badly worn where heavy castings were

thrown upon them.

Bleeding of the blocks was reported in 9% of the

records, but was said to be objectionable in only 2.5% of

the cases. Swelling was reported in 29% and shrinking

in 27% of the records, (in some cases both swelling and

shrinking were rejxjrted), and these troubles were the

cause of most of the dissatisfaction reported. Sw-elling

occurred when the blocks became accidentally wet, because

of leaky roofs, bursting water pipes, near drinking

fountains, and other accidental causes. Shrinking oc-

curred in very warm or hot situations, and resulted in the

blocks becoming loose and producing an uneven floor.

An interesting relation may be shown between the

kind of filler used, and swelling and shrinking reported.

Thirty-three per cent, of those using bituminous filler re-

ported this troiible, compared with 55% of those using

sand filler, 75% where cement grout was used, and 55%
where no filler was used.

Eighty-nine per cent, replied that the blocks were

satisfactory, while 5.6% did not reply to the question, and

5.6, or nine records, stated that the flooring was not satis-

factory. Of the nine unsatisfactory floors, shrinkage of

the blocks was responsible for dissatisfaction in three

cases, swelling in tw'o cases, in two cases the blocks wore
out rapidly, poor foimdation in one case and improper
laying in one case.

In a large proportion of cases it was reported that

wood block was easy on the feet of the workmen and that

they like to work on it. Xoiselessness, ease of repairs,

low upkeep cost, good trucking surface, saving of break-

age in tools and fragile metal parts dropped on the floor,

warmth, and cleanliness were all reported as advantages
of wood block flooring in 10 or more of the records.

Durability was reported as an .Khantage in 77 «-ases,

though it is doubtful if many of the floors had been in

service sulliciently long to warrant a statement as to

durability.

In 14 records swelling was gi\en as a disadvantage
and shrinking in 12 records. Roughness, reported in 11

records, w-as mostly caused by shrinkage. High cost was
given as a disadvantage in 1 1 cases.

The results of this investigation indicate that treated

wood block makes a desirable type of flooring for many
purposes, and it is likely that its use for interior work will

increase. Since its large use for these purposes is just

beginning, one might expect that unforeseen trouble would
develop. The records of 160 floors given in this report

indicate, however, that serious trouble has developed in a

very low percentage of cases.

Most of the trouble has come from shrinkage or ex-

pansion of the blocks. To prevent these troubles it is

essential to study each case where blocks are to be laid,

and to treat the blocks accordingly. For dry situations,

the blocks should be well seasoned before treatment and
laid in the floor while thoroughly dry. In wet or alter-

nately wet and dry situations, dry blocks would give ex-

pansion trouble and, hence, the timber should be green or

only semi-air-dried when laid. Even dry interiors are

liable to be accidentally subjected to water, however

;

hence, it would seem desirable as a rule to use bituminous
fillers instead of sand filler.

Sand cushions were probably a source of trouble in

several cases. If there is any vibration, or if the sand is

at all liable to shift, a bituminous or cement grout cushion
is to be preferred. Sand cushions are also liable to cause
uneven floors if the blocks shrink, and it seems likely that

many cases of shrinking would not give serious trouble

where bituminous filler and bituminous or cement grout
cushions are used.

Bleeding caused very little trouble. In dry and very

warm situations, where it is most likely to occur, it would
be desirable to carefully consider the method of treating

and handling the blocks in order to avoid objectionable

bleeding.

In a few cases it seems likely that wood block should

not be used. For example, it should not be used where
butter or tobacco products are stored. In some foundries,

where hot castings are thrown upon the floor, the blocks

have burned through to the foundation. Wood blocks

may be objectionable where the soiling or staining of

certain classes of merchandise would lower the value, and
in one case where used in a tennis court wood blocks were
a failure and had to be removed.

Wood block was found to be very satisfactory in

many cases where heavy castings are thrown about, where
heavy trucks are moved, and is liked by workmen because
it is warm and is easv on their feet.

The replies from the users of wood block flcKiring in-

dicate quite strongly that when new wood block floors are

to be laid, a careful investigation of all the conditions

existing or likely to develop should be made by the manu-
facturer. The method of treatment and construction of

the floor should then be adapted to the special conditions

found.

Electrification of steam railroads in the I'nitcd States
last year brought the total of such equipment up to about
2,500 miles.

The British Columbia Electric Railway Company ar^.

proceeding: with the completion of a large sub-station in

Burnaby, B.C.. the work on which has been suspended for

the past two years
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CONTENTS. CliaplLT nine deals with the dynamic characteristics of

Book Reviews: water in motion, the argument leading up to the explana-

Hydraulics. Daugherty 685 tion and derivation of the general torque equations for

Waterworks and Sewerage Systems of Canada. turbines and pumps. This chapter also includes a brief
Denis

•
• •

: ••.•. •
' '

' discussion of water-hammer and surges in long pipes.
Irrigation Practice and Engineering, Vol. 2. . ,

Etcheverry 685 The remainder of the volume, with the exception of

Masonry Dam Design. Morrison and Brodie 686 chapters thirteen, fourteen and sixteen, is largely de-
A System of Physical Chemistry, 2 vols Lewis. ..

. 686 scriptive matter. In the three chapters above mentioned,

ESn^erT; O^ce^L't" mf"n7 Methods.'^Davies: . % the theory of the impulse wheel, the reaction turbine and

Mechanical Engineers' Handbook. M.irks 687 the centrifugal pump is covered suggestively, but as the

treatment is intentionally academic, the general expres-
Pubhcations Received 688

^.^^^ derived are not directly applicable to practical design.
catalogues Received 688

^^.^^ j;^^,^ ^^^j^^^ j^ ^ ^^^^j ^^ ^^^^^ treatment, which

^^^^^^^^—^^^^^^-^^^^^^^^^^^^^^^^^^^— is at the same time adequate by reason of the discrimi-

nating judgment.with which fundamental principles have

BOOK REVIEWS. been seized upon and elucidated. On this account, while

designedly a student's text-book, it is also an extremely

„. ,. Tir,TT^ , ,r>i.ii-;- useful reference book for any practicing engineer, whose
nvdrauhcs. Bv R. L. Daugherty, .A.B., M.E., Assistant

. u • u- ^„^^ ' .^^r,. r,.- lo^c ;r,t*>rm;ttpntlv_ . - , TT , ,• "A-, , V ,, ,- ,. work brings him in contact, more or less intermittently.
Professor of Hydraulics, Sibley College, Cornell ... .u • 1 u .j,„ v ,„ki<>™o
T7 • •. r> I'l- 1 J T Ar r- urn D i r- With the Simpler hydraulic problems.
University. Published by McGraw-Hill Book Co. t- j

(Inc.), New York. First edition. 264 pages, 243 Waterworks and Sewerage Systems of Canada. Compiled
illustrations and diagrams, 12 tables, 6x9 ins., by Leo. G. Denis, B.Sc, Hydro-Electric Engineer,

cloth. Price, $2. 50. (Reviewed by H. G. Acres, Commission of Conservation. Published by the

Hydraulic Engineer, Ontario Hydro-Electric Com- Commission of Conservation of Canada. Contains
mission.) j-5 pages and 28 illustrations. (Reviewed by S.

-ri,- • .u ..u- J u J 1- .. I- c uv u A u Harvev, A.M.Can.Soc.C.E., Sewer Department,
This IS the third hydraulic treatise so far published by u 11 V \

Mr. Daugherty, the other two being entitled "Hydraulic *^'t.^' H^"- Toronto.)

Turbines," and "Centrifugal Pumps." .-^fter having pub- In 1912 a report was published by the Commission of

lished two text-books involving the application of rather Conservation on the "Waterworks of Canada," being the

advanced hydraulic theory, the^ author has possibly found principal physical data regarding waterworks systems in

that the elucidation of this theory to his classes could be existence in the Dominion at that tirne. The great demand

more satisfactorily accomplished with the assistance of an for that report proved its value and it was decided to com-

elementary text-book of his own devising. Hence the pile another report which would revise that of 1912, and

volume under review which should therefore be considered also embody a report on the sewerage systems of Canada.

as introductory to the two previous volumes, although This book is of a very useful character, setting forth

as a matter of fact, the three volumes overlap to a con- in a condensed form the salient points connected with the

siderable extent. numerous waterworks and sewerage systems of the

The volume is divided into sixteen chapters, nine of . ' , . ^^^„^\^r^ t^ r^for tn other
, .

, , , , , • • J ,.u J • Engineers have oftentimes occasion to reler to otner
which are devoted to theoretical discussion and the deriva-

- v r * tv^v^ ^-i,;^!, rmv hp readilv
r If 1 r'\. ^ ^ ^ •„*..<.„ A^^-\ towns and cities for statistics which ma> De reaaii\

tion of general formulae. Chapters ten to sixteen deal
, , r .l-.,,.,, r- , , I ..• .. u- Fathered from this report,

with the simple theorv of impulse wheels, reaction turbines & » „ .,„ j o.-for,=;onc fn pvUtincr
c ,

'
J .^u u ^ ^- Tu-^ As there are new systems and extensions to existing

and centrifugal pumps and their characteristics. Ihis
^ \ a „^„^•„„.,I^, tv,;.- hnnU- will re-*

. ^ ,, , , . ,. .... systems being constructed continually, this dook v\iii re-

section also contains well-chosen descriptive matter, pro- - . '^ . . „ „, ^^ rpt-aln its value
r , .,, , ^ • ,• -^u ^u • .. II »• A Quire to be revised every year m order to retain its vaiue
fusely illustrated, in connection with the installation and V 1^ f f

operation of the most modern hydraulic machinerj' and ^s a book ot reference.

the layout of modern hydraulic developments. Irrigation Practice and Engineering, Vol. II., Conveyance

In'the first nine chapters there are three general sub- of Water. By B. A. Etcheverry, Head of the De-

divisions of the text. The first four chapters cover the partment of Irrigation, Lnn^ersity-^ of Calitornia.

theorv of hydrostatics, chapter four being devoted to a Published by McGraw-Hill Book Co. (Inc. .\ew

concise but comprehensive discussion on the practical York. First edition, 191 5. 364 pages, »2 lUustra-

application of hvdrostatic principles to the design of dams. tions, 9^61^ ins., cloth Price S3- 50 net. (Ke-

Chapters five to eight inclusive deal with water in viewed by Lieut. T. \\
. J. Lynch.)

motion, including the ordinary treatment of flow over TTiis volume is devoted to the design and construction

weirs, flow through orifices, short tubes, pipes and in of the conveying channels that bring water to the farms,

open channels. Of special interest is the derivation of the including flumes, pipes, syphons and tunnels,

general equation for steady flow by the application of It opens with a chapter on the general features and

Bernoulli's theorem, and the subsequent discussion of its investigations precedent to design, followed by a chapter

significance and limitations. dealing with the planning and location of the system.
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The liyiiraulios ol design of canals. Ihinics, pipes, etc.,

are next considered. As usual in American texts, Kutter's

formula for the flow in open channels is given to the

practical exclusion of all others, and as a consequence

there is the usual presentation of another new diagram

for the solution of this complicated and cumbersome
equation.

The silt problem, losses from canals and the design of

canal sections are next taken up. The seventh chapter is

a very complete presentation of the subject of canal

linings and prevention of losses. Numerous examples

are cited by description and illustration, and the question

of methods and costs is very fully dealt with. This is a

subject which most text-books on irrigation seem to fight

shy of or ignore and this chapter is a refreshing change.

The material presented is drawn from a wide range of ex-

amples co\ering all conditions. Chapter 8 elaborates on

tunnels, retaining walls, sections and bench flumes.

Chapter 9 deals with flumes and Chapter 10 with pipes

and syphons. The latter, which is by far the longest

chapter in the volume, is the only one in which design is

treated from any other point of view than that of carrying

capacity. In this chapter the design of pipes is handled

from the hydrostatic point of view as well as the hydraulic.

To summarize, \'olume II. contains abundance of

valuable information for the young engineer engaged in

irrigation practice when his professional experience should
be augmented by some valuable treatise on irrigation.

Masonry Dam Design. By C. E. Morrison and O. L.

Brodie. Published by Wiley & Sons, New York.
Second edition, revised and enlarged, 191 6. 276
pages. Price, S2.50 net. (Reviewed by G. R. G.
Conway, Mem.Can.Soc.C.E.)

The authors of "Masonry Dam Design" are to be con-
gratulated upon this second and enlarged edition of what,
in its earlier form, as published in 1910, was a somewhat
inadequate treatment of the subject. In this edition they
have grouped in convenient form the latest investigations
into the theory of masonry dams that have been discussed
so fully during the last few years. In England, much
careful investigation has been made in connection with
this subject by such well-known authorities as Professor
Unwin, Professor Karl Pearson, L. W. .\tcherly. Sir

John Ottley, Dr. A. W. Brightmore, E. P. Hill, and
others, and probably the best record of their work is con-
tained in the very valuable discussion published in Volume
172 of the proceedings of the Institution of Civil En-
gineers. On this continent very valuable studies have
been made by the engineers of the New York Water
Supply, and the subject was \ery fully discussed by lead-
ing American authorities in \' olume 75 of the Transactions
of the American Society of Civil Engineers. Read to-
gether with these two discussions, Messrs. Morrison and
Brodie's book will prove of great interest to all students
of masonry dam design.

The subject of uplift pressure and ice thrust is of great
importance to engineers in this country ; and, as the
authors point out, for probably the first time it received
due prominence in the design of the Wachussett dam in

Massachusetts. Much space has therefore been given to
the consideration of uplift and ice thrust, and in our
opinion, in the authors' treatment of this branch of the
subject lies the chief value of the book now before us.

The book is essentially one for the student, but to the
engineer looking for the latest summary of the various
theories in connection with masonry dam design the book
will be of interest.

Chapter \TII. is a discussion on recent considerations

of the condition of stress in masonry dams, but the authors

appear to have overlooked the work of Dr. Karl Pearson,

who is largcl)' responsible in England for the initiation

of the experimental work done by later investigators, par-

ticularly those who have I)een utilizing models of dams
composed of jelly and other plastic substances for experi-

mental purposes. The practical engineer in reading this

book might ask what value it has for him. He might
turn to the very interesting appendix which contains pro-

files of a large number of notable dams, and point out that

many of these dams were built years ago, and are

not essentially different in profile from recent designs, and

yet are to-day standing among the finest structures of

their class—such, for example, as the Furens and Char-
train dams in France, the Villar dam in Spain, the Periyar

dam in India, and man)- others which have caused no
anxiety to their designers, while he might point out that

the known failures have all been due to faulty foundations,

and no matter how theoretically correct the design may
be, the real problem of masonry design lies in the careful

selection of site, the construction methods adopted to pre-

vent the permeability of the structure, and the proper con-

struction of cut-off trenches and outlet drains to prevent

uplift pressures.

We believe that although the real problems of masonry
design can be solved only by mature experience and judg-

ment and the special consideration of each individual case,

the authors' book is of real value to the practical engineer

engaged in dam design, and is a welcome addition to the

all too few books upon the subject.

In Appendix No. 3, which giv'es the cross-sections of

many notable dams, we miss the profiles of several famous
English examples, e.g., Pen-y-Gareg and Craig Goch
dams of the Birmingham Water Supply, and also those

constructed in recent years by the Derwent \'alley Water
Board, all of which are among the finest examples of high
masonry dams yet constructed.

A System of Physical Chemistry. Two volumes.. By
William C. McC. Lewis, M.A., D.Sc. Published

by Longmans, Green & Co., New York and London.
Canadian selling agents, Renouf Publishing Co.^
Montreal. 523 pages, illustrated, 5 x 7'/4 ins.,

cloth. Price," $5 for set of two volumes. (Reviewed

by J. W. Scott, Health Department, City Hall,

Toronto.)

This book is intended for use as a general text book
of physical chemistry for those who have a grounding in

the subject.

It is not an elementary physical chemistry, the author

aiming to make the book fairly comprehensive by includ-

ing accounts of recent investigations, such, for example,

as the structure of the atom, the theory of concentrated

solutions, capillary chemistry, Nernst's theorem of heat,

and so on. Besides these recently examined problems, the

fundamental principles and their applications have been
incorporated here. -At the same time, the author suggests

that the reader becomes fully familiarized with the broad

outlines of the subject, which may be found in more ele-

mentary works.

\'olume I. contains 510 pages divided into 10 chapters,

and deals with or mav be entitled the "Kinetic Theory."
Volume II- contains 542 pages divided into 14 chapters

and may be entitled "Thcrmodvnamics and .Statistical

Mechanics."

This book covers the ground of advanced physical

chemistry to perfection, but as a book for students the use

of it is not to be recommended.
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Maintenance of Way and Structures. By William C.

Willard, C.E., M.S., .\ssistant Professor of Rail-

way Engineering, McGill University. Published

by the McGraw-Hill Book Co., New York. First

edition, 1915. 450 pages, 225 illustrations, 6x9
ins., cloth. Price, $4. (Reviewed by J. R. W.
.\mbrose, M.Can.Soc.C.E., M.A.R.E.A.)

Of all the volumes published on engineering, very few

have been devoted to railroad engineering as a whole.

This edition has long been wanted, particularly as a text

in universities where there has been a maximum of theory

and a minimum of practical information.

The chapters, no doubt, are modelled after the Com-
mittees of the .American Railway Engineering .Association,

the greatest of its kind in existence, which controls the

railway engineering practice of this continent at least.

The chapter on Rules and Organization is excellent -n-

formation for the student, but of no practical value to the

railroad man, as each company has its own characteristics

and the standardization of all would be impossible.

The impression given of track labor is wrong. This

class of labor is becoming more important each year, and
railway companies are beginning to recognize the possible

economy and efficiency through this department.

The chapters on Roadway, Ballast, Ties, Wood Pre-

servation, Rails, etc., are very good and profusely

illustrated.

The article on rail anchors is descriptive, but later

anchors, such as the "McCooe," might be added, which

overcome the difficulties mentionedt

The chapter on Stresses in Track is excellent. This

is a new subject and valuable to the engineer as well as

the student.

The chapter on Bridges does not go into the design,

but the illustrations are valuable to the practical man and

particularly so to the student. The statement that ballast

floor bridges are not generally waterproofed is incorrect.

The author probably meant that special materials are not

always used, but some method of waterproofing is always

intended.

The remaining chapters give the recommended practice

in a concise way, making a convenient reference for the

engineer and an excellent text for the student.

The directions for railway drafting are exceptionally

good.

.As a railway engineering text book, the writer has not

seen its equal. The illustrations are clear, instructive and
numerous.

Engineering OflBce Systems and Methods. By John P.

Davies, M.E. Published by McGraw-Hill Book
Co., Inc., New York. First edition, 1915. 544
pages, 244 diagrams, forms and illustrations,

6 X 9 14 ins., cloth. Price, $5.00 net. (Reviewed

by H. G. -Acres, hydraulic engineer, Ontario Hydro-
Electric Power Commission, Toronto.)

The sub-title of this volume indicates its scope more
effectively than the general title

—"Schedules and instruc-

tions for the collection of preliminary data for engineering

projects ; sampling, inspecting and testing engineering

materials ; conducting domestic and export shipping

operations, etc."

The text is divided into thirteen chapters, ten of which
are devoted to engineering subjects. Chapters 5, 8 and 9,

entitled respectively, "Purchasing—Office Methods and
Forms," "Domestic Shipping," and "Export Shipping,"
have a much more general scope, as their titles indicate.

Chapter 9 contains a well-handled description of procedure
and routine formalities in connection with export shipping
which could be, most opportunely studied by many Cana-
dian manufacturers who plan to invade foreign markets
at the close of the war.

Chapters 10 and 11 are devoted to "Progress Charts,

Scheduling Systems" and "Indexing and Filing Systems."
While these subjects are treated from an engineering
viewpoint, an intelligent reader could study these two
chapters with profit and adapt the principles outlined to

any class of heavy manufacturing. The description of the
Dewey decimal system and the discussion of its manifold
applications is particularly interesting.

The remaining chapters are more or less directly re-

lated to engineering office system and methods or "re-

minders," and the data required for (a) preparing specifi-

cations, (b) obtaining manufacturers' designs and quota-
tions, (c) preparing engineering designs, {d) reporting on
engineering projects, etc. Chapter 6 deals with cost

keeping and estimating and Chapter 7 with sampling, in-

spection and testing of engineering material. With the

exception of the chapter on cost keeping and estimating,

these remaining chapters are of doubtful value. The in-

formation is not given in sufficient detail to be safely used

by an inexperienced engineer, while on the other hand, it

is of such a fundamental nature that it must obviously be

part of the stock in trade of any competent engineer or

inspector. The volume as a whole, however, is a very

useful work of reference as related to heavy manufactur-
ing, and should find a market not only among engineers,

shop superintendents, etc., but among executives and
officers having to do with the purely commercial phases
of manufacturing.

Mechanical Engineers' Handbook. Lionel S. Marks,
Editor-in-Ciiief. Published bv McGraw-Hill Book
Co., Inc., New York. First edition, 1916. 1,836

pages, 4J4 X 7^^ ins. .About 1,000 illustrations and
diagrams. Flexible leather. Price, $5 net.

This handbook brings into the mechanical engineering

field the principle of specialization which was introduced

into the civil engineering field by the .American Civil

Engineers' Pocket Book. Prof. Marks, who is professor

of mechanical engineering at the Massachusetts Institute

of Technology, is the chief editor, but each of the fifteen

main sections of the book was written by a specialist.

The book is based upon the German, "Hutte." The
German book includes civil and electrical engineering,

however, and those portions are not included, arrange-

ments having been made with the Germans for the use of

only such portions of their handbook as were required.

The greater part of the book must be regarded as new,

although the subjects of friction and hydraulic turbines

follow "Hiitte" closely, while a few of the more theoretical

topics, such as heat and mechanics of materials, follow

"Hiitte" in a general way, with important departures,

however.

The specialists who contributed to the book have fur-

nished new data on machine tools and machine shop

practice, hoisting and conveying, pipe and pipe fittings,

heat, lubricants, paints, weights and measures, refrigera-

tion, fractory accounts and costs, industrial buildings, air

conditioning, illumination, fans, hydraulic turbines, air

compressors, pumps, measuring instruments, gas engines.
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sU'uni turbines, fire protection, aeronautics, automobiles,

ai.<' a large number of other mechanical subjects.

The book is a very useful and welcome addition to

mv^'hanioai engineering literature.

PUBLICATIONS RECEIVED.

Department of Mines.—Summary report for 1915 of

the Geological Survey, Department of Mines, Ottawa.

Price, 15 cents.

Canal Statistics.— 1915 report of the Department of

Railways and Canals, Ottawa, containing 103 pages.

Price, TO cents.

Financial Report, 1915, of the J. G. White Companies,

New ^'ork. giving annual returns and balance sheet of

these companies.

Ore Deposits of the Beaverdell Map Area.—By Leopold

Reinecke. Memoir 79, No. 65, Geological Series, De-

partment of Mines, Ottawa.

Report of Nelson P. Lewis, chief engineer. Board of

Estimate and Apportionment, City of New York, for the

year 1914. 235 pages, 42 tables.

Geology and Ore Deposits of Rossland, B.C.—Memoir
77, No. 04, Geological Series, Department of Mines,

Ottawa. By Charles Wales Drysdale.

Geology of Field .Map—Area, British Columbia and
Alberta.—Memoir 55, No. 46, Geological Series, Depart-

ment of Mines, Ottawa. By John A. Allen.

Gas Plant Construction.—Published by the Stone and
Webster Engineering Corp., Boston, Mass. Contains 24
illustrations of various gas and power plants.

Sewage Disposal.—Tenth and eleventh semi-annual
rep)orts, 1915, of the Sewage Disposal Commission of the

city of Fitchburg, Mass. Published by the Fitchburg H.
M. Downs Printing Co.

Highway Improvement in Ontario.—Annual Report,
Department of Highways, Toronto, 1915, by W. A.
"McLean, commissioner of highways. 223 pages, well

illustrated by charts and photographs.

The Strength and Stiffness of Steel Under Biaxial
Loading.—Bulletin No. 85, Eng-ineering Experiment Sta-
tion, L'niversity of Illinois, Urbana, 111. By Albert J.

Becker. 65 pages, illustrated. Price, 35 cents.

Experiments on the Economical Use of Irrigation
Water in Idaho.—Bulletin No. 339, L'.S. Department of
Agriculture. Washington, D.C. By Don H. Bark, irriga-

tion engineer. Division of Irrigation Investigations.

Tests of Reinforced Concrete Flat Slab Structures.

—

Bulletin No. 84, Engineering Experiment Station, Uni-
versity of Illinois, Urbana, III. By Arthur N. Talbot and
Willis A. Slater. 128 pages, 85 illustrations. Price, 65c.

Good Roads Year Book, 1916.—The fifth annual
edition of this useful publication has been issued. It

contains a great deal of information regarding road im-
provement, historical notes, road materials and road
machinery. W. A. McLean. Deputy Minister of Highways
of Ontario, has an article in it dealing with highway im-
provements in Canada, and the Hon. B. Michaud, Deputy
Minister of Highways of the Province of Quebec, con-
tributes an article dealing with the roadway organization
of that province. It contains 440 Ci \ o-in. pages.

Annual Report on the Mineral Production of Canada.
—Issued by the Department of Mines, compiled by John
McLeish, B.-'X., chief of the division of mineral resources

and statistics. This report contains 366 6 x g-in. pages.

It is divided into three sections: First, metallic ores;

second, non-metallic production ; third, structural materials

and clay products, .a great many comparative statements

arc presented showing the production of each important

product during the past two years, the production which

each contributes to the total production and the increase

or decrease, as the case may be, of the production in 1914
as compared with that of 1913.

CATALOGUES RECEIVED.

Steel.—1916 stock list of the steel department of

Factory Products, Limited, 220 King Street W., Toronto.

Protecting the Water Supply of Greater New York.

—

.\n illustrated bixikiet issued by the ^^'allace &: Tiernan

Co., Inc., New York.

Microscopes.—.\ 129-page, illustrated booklet issued

by the Bausch & Lomb Optical Co., Rochester, N.Y.,

describing their microscopes and accessories.

Small Motors.—Foldei- No. 25 issued by the Westing-
house Electric and Manufacturing Co., East Pittsburgh,

Pa., describing, with illustrations, ^^'estinghouse motors
for washing-machine service.

Trill Indicators.—.\ 56-page, illustrated booklet issued

by the Trill Indicator Co., Corry, Pa., describing the latest

types of engine indicators and accessories, with informa-

tion on taking and reading of indicator card*;.

William Bryce, Lothian Street, Edinburgh.—Cata-

logue of chemical and technical books comprising works
in agriculture, chemistry, metallurgy, etc. Catalogue is

ver}' well classified and contains 56 5^4 x 8^-inch pages.

Milburn Oxy=Acetylene Welding and Cutting Ap»
paratus.'—A 6-page, illustrated folder issued bv the

-Alexander Milburn Co., Baltimore, Md., describing their

welding torch, regulators, cutting torch, welding generator

and portable plant.

Manganese Chains.—Bulletin No. 171, issued by the

Jeffrey Manufacturing Co. Contains full details and prices

of "manganese" chains. Copy of the bulletin can be
secured by addressing the Montreal office of the company,
Power Building, Montreal.

Small Electrically Driven Centrifugal Pumps.—Bulletin

No. S-iooo, issued bv Yeomans Brothers Co., Chicago,
describing their centrifugal pumps for house supply and
general service in office buildings, apartment buildings,

power plants, etc. 1 1 pages, illustrated.

Yeomans Duplex Electric Centrifugal Sewage Ejec-

tors.—Bulletin No. E-2000 of Yeomans Brothers Co., 231

Institute Place, Chicago, describing their sewage ejectors

for automatically raising sewage and drainage in base-

ments below street sewer level, municipal sewage systems,

etc. 1 1 pages, illustrated.

Oil Filters.—Bulletin No. 5, recently issued bv the

Richardson-Phenix Co., Milwaukee. Wis., describing a

complete line of filters for purifying lubricating oil, having

capacities of from 25 gallons per dav to 50,000 gallons

per hour. The catalogue is well illustrated and contains

prices on the various size filters.

Wagon and Truck Loaders.—Bulletin No. 177 of the

Jeffrey Mnnuf.acturing Co., Columbus, Ohio, featuring

their self-propelling wagon and truck loaders for handling

crushed stone, sand, gravel, etc. Contains 23 pages and

illustrations of many interesting installations, specifica-

tions, prices and complete details of their different types

of loaders.



JLIIU- jq, 1916. THE CANADIAN ENGINEER 689

uiiiiiiiiiiniiiiiiiiiiiiuiiiiiiiiiiuiiiiiiiiMiiiiiiiMiiiiiiiMiiiiniuiiiiiiiiiiiiiiiiiiMuiuiiriiiiiuiiiiiniiiiuMiiMiiuiiiiiiiiiiiiiiiiuiiiMiiiiiMiniiiiiiu

I Editorial |
niiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiniiiiiiuiiiiiiiiiiii^

INDUSTRIAL RESEARCH.

It seems to be a pretty well fixed belief that know-

ledge should be pursued for its own sake, and that the

quest for truth should be unhampered by anything tliat

even has the semblance of utilitarianism about it.

Since the outbreak of war much has been written

concerning the necessity for greater activity in the realm

of industrial research in Canada. This is a subject which

should not be left altogether to universities and scientific

bodies. Manufacturers, if they are to maintain their

superiority, must recognize that they, too, have respon-

sibilities in connection with the development of industrial

research in this country.

Certain large individual industries, as well as groups
of industries, have spent large sums of money for re-

search work. Monies have been and are now being spent

in this country for this kind of work, but it is very

spasmodic. It is a question as to whether we are as a

people, and especially as manufacturers, attaching suf-

ficient importance to this matter, and whether we are

dealing with it in a corporate and national spirit.

While application and genius are necessary if re-

search work is to be carried to a successful conclusion,

money also is called for.

Many men are conducting research work, but are

very much handicapped by the lack of apparatus which
is absolutely necessary if the best work is to be done.

Would it not be possible to gather up these loose ends

of disconnected effort by greater co-operation between
scientific and industrial groups and seek to approach the

problem in a more intelligent, broader and really national

sense?

THE ENGINEERS' LIBRARY.

For several years The Canadian Em^ineer has made
a practice of publishing in the last issue of each

month a department known as the Engineers' Library.

In this department are to be found reviews of the new
engineering books of the month, these reviews being

written by engineers who have made a special study of

the subjtTts with which the books deal. L'nder the

heading of "Publications Received" there is given a

review of reports issued by various public bodies which

are more or less related to the engineering profession,

while under the heading of "Catalogues Received"
appear brief summaries of the trade literature of the

month.

Every engineer, no matter in what particular branch
of the profession he is interested, must feel, in view of

the rapidity with which engineering practice changes and
the speed with which one development follows another,

the need of keeping himself posted, and has a more or

less complete selection of text and reference books of

his own.
The Engineers' Library as found in The Canadian

Engineer can be made of great service to the man who
recognizes the importance of having beside him at least

a few standard general engineering books as well as
others which deal more specifically with the phase of

engineering with which he is especially interested for

reference purposes. Such a collection of books will be

found a tool by no means the least useful.

Reports of public officials, publications of engineering

societies contain information of \alue to all engineers,

while trade literature, though primarily advertising, very

frequently contain data that will be found serviceable to

the engineer in his work.

Two things usually limit the extent to which an

engineer will build up a library : the demands of his everyr

day work, and the time and facilities at his disposal for

collecting and filing information.

It is in order to render our subscribers the greatest

possible assistance in selecting such material as they think

should rightly find a place in their collection, that this

department was established and is being maintained.

ECONOMIC VALUE OF THE GOOD ROADS
MOVEMENT.

The development of the good roads movement will

unquestionably help to solve many economic and social

problems with which we are confronted to-day. Slowly,

but none the less surely, people are beginning to realize

the great importance of permanent road construction and

to recognize the real significance of the movement..

While a great deal has been done in highway en-

gineering in Canada, there is yet a great deal to be

accomplished.

Those who cry "back to the land" will never get

very far unless simultaneously with it they lend their

practical support to the efforts which various bodies are

making, looking to a betterment in the design, con-

struction and maintenance of highways throughout the

country.

Many farms that to-day are deserted would never

have been so treated had the good roads idea come into

service touch with them, and thus made it possible for

the tenants to get and keep in more intimate contact

with ^he communities immediately beyond their own
borders.

The public highway is, after all, more generally used

than any other means of communication, and is free and
open to all classes of the community. It is well known
that where a community passes from a condition in which
poor roads are a rule to one in which good roads dominate,
land values ad\ance. The redistribution of a considerable

portion of the population in such a way as to remove
congestion in the cities and add them to the dwellers in

rural communities has been given a great stimulus and
will continue to be greatly stimulated by the good roads

movement.
There are many districts all over Canada, rich in

agricultural products but poor in roads. Such a com-
munity is under an enormous handicap. The incoming

shipments greatly exceed the outgoing, whereas with

improved road condition, these same communities could

not only be self-supporting, but could ship products to

other markets.

In very many quarters, at least, the real significance

of highway improvement is not appreciated and objections
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to the development of the movement are made largely

because of a lack of understanding and a real apprecia-

tion of its value from a social and economic point of view.

PERSONAL
W. A. MAHOXK\' has been appointed water com-

missioner at Guelpli, Ont.

CHARLES L. MARBLE has been appointed manager
of the Wavne OH Tank & Pump Co., of Woodstock, Ont.

PATRICK LYONS has been appointed general super-

intendent of the waterworks department of Quebec City.

L. T. W.ALLS, formerly of the Steel Co. of Canada,

has been appointed general sales manager of the Manitoba
Rolling Mill Co.. Limited.

P. Z. C.A.\'ERHILL, forester for the Province of

New Brunswick, has begun a survey and inventory of

the provincial Crown lands.

D. O. LESPER.VXCE has been appointed chairman
of the Quebec Harbor Board, to succeed Sir William
Price, who recently resigned.

.-\LEX. WILSON, distribution engineer of the

Montreal Light, Heat and Power Company, has been ap-
pointed Lieutenant in the 244th Battalion now being raised.

J. D. McMILL.4N has been appointed superintendent
of the Belleville Division (Districts 5, 6, 7, 8, 9 and 10),

Grand Trunk Railway System, with headquarters at

Belleville, Ont., to succeed H. F. Coyle, deceased.

J. R. BOOTH, the veteran lumberman, of Ottawa
and Hull, recently celebrated his ninetieth birthday.

Despite his age, Mr. Booth continues to take a very
active interest in all of his companies' activities, and even
helps around the mills.

E. L. COUSINS, chief engineer of the Toronto Har-
bor Commission, has just been appointed general manager,
a reorganization of the office staff having been made neces-
sary by the enlistment of Major Wex. Lewis, who had
acted as secretary since the inception of the commission.

J.-IMES M. NELSON, who recently resigned as
superintendent of the open-hearth department of the
Carnegie Steel Co. works at Youngstown, Ohio, has been
appointed superintendent of the open-hearth and duplex
steel departments of the -A.lgoma Steel Corporation at

Sault Ste. Marie, Ont.

E. R. GRAY, assistant city engineer of Hamilton,
Ont., has been recommended by the Board of Control for
the position of chief engineer, to succeed .-V. F. Macallum,
and A. P. KAPPELE, the present secretary of the works
department, has been recommended for the position of
manager of that department.

Capt. ALBERT PETER MILLER, Glen Miller,

Ont., 2ist Battalion 2nd Division, A.M.Can.Soc.C.E.,
graduate Royal Military College, Kingston, has been
awarded the Military Cross for bravery at the battle of

St. Eloi. Capt. Miller was formerly resident engineer of

the National Transcontinental Railway, Vermilion Bay,
Ontario.

J. W. B. BL.^CKMAN, city engineer of New
Westminster, B.C., has been awarded first prize by the

Institute of Municipal and County Engineers for an
article on the construction of the 25-inch water main
which supplies water to New Westminster, and of the

13-inch submerged main leading to Richmond.

Col. G. S. MAUNSELL, Director-General, will

shortly leave for overseas to take an important position

in the Canadian Engineers at the front. It is understood

that Lieut. -Col. A. P. DEROCHE will be Acting Director-

General during the absence of Col. Maunsell. Lieut. -Col.

Deroche has been in charge of the construction work of

the engineering service since the war broke out.

Capt. FRANK P. ADAMS, of the i86th overseas

battalion, who for several years has been city engineer of

Chatham, Ont., was recently honored, on the occasion of

his departure for the training camp at London, by the city

councils of 1913-14-15-16, under whose direction he

served. He was presented with a purse of gold, and mem-
bers of the respective councils made brief addresses com-

plimenting him upon the efficiency and courtesy which he

had always shown and the very satisfactory service he

had rendered the city.

OBITUARY.

Lieut.-Col. F. A. CREIGHTON, Mem.Can.Soc.C.E.,

has, according to a private message received in Win-

nipeg, died of wounds. He was City Engineer of Prince

.Albert before the war.

Company Sergeant-Major ARMSTRONG has been

killed in the recent fighting. He was a graduate in

science of McGill University. Prior to joining the forces

he was on the engineering staff of the city of Montreal.

Col. HERBERT J. BOWMAN, M.Can.Soc.C.E.,

died June 19th at the Berlin, Ont., Hospital. Col. Bow-

man was a well-known consulting engineer, having

handled many important -works during the past thirty

years. He was born in Berlin, Ont., June 18th, 1865.

He graduated from S.P.S., Toronto, in 1885 and became

assistant to P. S. Gibson, the engineer of York Town-
ship. In 1887 he qualified as provincial land surveyor for

Ontario, and became transit man for the Berlin and

Pacific Junction Railway. In 1888 he was engineer for

Berlin on waterworks construction, and from the com-

pletion of the work to 1892 w-as superintendent of water-

works. He was then appointed town engineer, and for

the following three years was engaged in the design and

construction of a sewerage system under the direction

of consulting engineers C. H. Rust and W'illis Chipman.

In September, 1896, he succeeded his father as clerk

and treasurer of Waterloo County, and this position he

held until death. .About 1903 he carried out special survey

work in Saskatchewan for the Dominion Government,

and in 1908 he joined with A. W. Connor in the con-

sulting engineering firm of Bowman & Connor. Among
the work which Col. Bowman did as a member of this

firm were waterworks systems for Hespeler, Preston,

Fergus, Elmira, Chesley, Gravenhurst, Penetang, and

other Ontario towns ; the reconstruction of the Berlin

w-aterworks, including the erection of one of the largest

concrete water towers in the world ; and bridges for W'el-

lington, Waterloo, and other Ontario counties. While

attending college, Col. Bowman became a member of

the Queen's Own Rifles, and when he returned to Berlin

he joined the 29th Regiment and was its commanding
officer for some years. L'pon the outbreak of the present

war he organized the io8th Regiment in Berlin, and was
its commanding officer at the time of death. He had

been a member of the Berlin Water Commission for

nearly twenty years, and was ex-president of the Waterloo
County Canadian Club. He is survived by his wife, two

daughters and two sons.
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